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FOREWORD

The U.S. Department of Energy, Richland Operations Office (DOE-RL) Part B
Permit Application for the Hanford Site consists of separate permit
applications for the following hazardous waste treatment, storage, and
disposal units:

1. Nonradioactive Dangerous Waste Landfill and Storage Facilities

2. Alkali Metal Treatment and Storage Facilities

3. Low-Level Burial Grounds and Retrievable Storage Facilities

4. 1324-N Surface Impoundment

-5. 1706-KE Waste Treatment System

The following facilities are known to have received hazardous waste. These
facilities will continue to operate, receiving only non-regulated wastes, and
are described in a closure/post-closure plan:

1. 216-B-3 Pond

2. 216-A-29 Ditch

3. 216-B-63 Trench

4. 2101-M Pond

5. 100-D Ponds

6. 1324-NA Percolation Pond (closure plan only)

7. 300 Area Process Trenches

x
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In addition, the following hazardous waste treatment, storage, and disposal

units will be closed under interim status and have been described in a closure

and/or post-closure plan:

1. Solar Evaporation Basins (closure/post-closure plan)

2. Solvent Evaporator (closure plan only)

3. 1301-N Liquid Waste Disposal Facility (closure/post-closure plan)

Each separate permit application and closure/post-closure plan provides a
complete description of the hazardous waste management activities as required

in the Washington Administrative Code (WAC) 173-303-806, Title 40 Code of
Federal Regulations (CFR) Part 270 Subpart B, and WAC 173-303-400 (40 CFR 265

Subpart G), respectively. It is anticipated that each separate Part B permit
application will be reviewed individually and will undergo subsequent

revisions prior to acceptance by the State of Washington Department of Ecology

(WD0E) or the U. S. Environmental Protection Agency (EPA), Region X.

At the time this document was prepared, the EPA had not authorized the State
of Washington to regulate radioactive mixed wastes under the Resource

Conservation Recovery Act (RCRA) and EPA indicated in a July 3, 1986, Federal
Register Notice that currently authorized state programs do not apply to
radioactive mixed wastes (51 Federal Register 24504). Neither the EPA nor the

State-of Washington have regulations which specifically address radioactive
mixed wastes and it is currently uncertain how such wastes will be regulated.

However, since the State of Washington has applied to EPA for authority to
regulate radioactive mixed wastes, this plan has been written to existing

state regulation on the assumption that the state will be authorized to
regulate these wastes before the plan is acted upon. If this expectation does

not occur, or if specific regulations addressing radioactive mixed wastes are
adopted, any necessary changes to this plan will be made by amendment.

The following submittal contains the DOE-RL Part B Permit Application for the
1706-KE Waste Treatment System.

WP #9032A

xi

1 706-KE



-- M - r -- - - -
- -in-~ -,e a.. .ce4 e-c trmo L c.. ii arw.ems'-'t

-- L EPA/STATE I.D. NUMBER

DANGER OUS WASTE PERM!T APPLICATION - IW I A 171 8|90|0 o_ 8 ' 6 7
FOR OFFICIAL USE ONLY

A yiJCA 1 10 C;ErVED

U. FrRST OR REVISED APPLICATION

Piece .n -X- in tre apoptoale box in A or B b.4ow (mara o"e box only) to di cate wetherl this thwbt peiplicsiboeyoui ee ftinmto. y~o. I yrare sopeu. It Ic
. your ret appiIcatlon and you weSMAy kno. yo. taciiny's EPA STATE LD. Na.i.-ie. or of this i. a r.i.e.d appecalim, a-"a, yoru ecmily-a EPA/STATE LD. civeo. wi SI.-cioi bo..

A- ST APPUCAON (place Xn 'X-b'i0o and pO0ie nc ncle Gets)

-- JkQ- I LQA Y F FOA EX15T70O FACJJnE3. PIROV*E Ti, DATE .. d. v. A y.)

S ifOi A AAT)ON SEGA/I OR Tir DATE CONSTRICTIO CON -AIEO
Ci. InaD 00.. 0 iC _ t)

£ NIEW PA A TY (C.- .Ae.E.

PpAMEW FACIUTIES.

_0. I ( o. r.A rI.) OPERA-
"iON BEG OR isFOTT 1111118161 TE ',,, T TG, M

B. REVISED APPUCATION (pac an "X"b..,o and com.pi.S S.cto coI,-.)
1. FACATY MAS AN ratEU. STATUt PE.ET I I. ACILY HAS A Is'IAI POUT

III. PROCESSES - CODES AND DESIGN CAPACITIES

A- PMROC-S.s COCE - Emer the cods trom, the list ot proc as cooes b.eow that best 0e*crIbes cach Process to be sed at the tac" y. Ten ie.e are proidd to. enrerwou COOC. It mreelanes are netedd. wter tri code(s) in the spaco prvyidsd. 1 a process will be used that La not Inclioed in bue jet ci wOes beio-, the. oeenb. the proce.e (inc&ding a oean
CaPocrty) in the space provoed on the (Sectcm W-C).

I. PROCESS D ESJON CAPACITY - For each COd, entered in coiinan A enter the capaciry of t.h process.
I. AMOUNT - Emer the arnoerit.

2. L*N1T OF "EASURE - Fore each amount entered In column 8(1). enier the code trom the -lI of ^nl tteciire codes beoow that oscrtbes the unit of enassr aced. Only tIh unit iomeasare that or. listed below should be used.
p. APPROPRIATE UNITS OF

CEsS MEASURE FOR PHOCESS
coDE DESIGN CAPACITY P~aocSSs

PO. /.PPPOPRIATE UN'TS r)F
CEss MEASURE FOR PROCESS
COOf DESIGN CAPACITY

CONTAINER (barrel. rum., etc.)
TAN4<
WASTE PILE

SURFACE WMPOUNDEINT

Diapo.al:

?ECTON WELL

LA-NO APPUCAT)ION

OCEAN DISPOSAL

SURFACE IMPOUNDMENT

Sot GALLONS OR LITERS
302 GALLONS OR LrTERS
S03 CUBICYARDS OR

CUbIC METERS
$04 GALLONS OR LITERS

D80 GALLONS OR LITERS
D81 ACRE-FEET (tae -..... that

OR PECTARE-METER
082 ACRES OR JECTARE6S
083 GALLONS PER DAY OR

LITERS PER DAY
D084 GALLONS OR LITERS

I/sal OF
bif-ASURE

coat

TANK

SURFACE IMAPOUND.ENT

INCINERATOR

OT-ER (Use for Phryaical. chem.cal
thermal or b.ologicsi trtamram
proceases not occurrg in tan.a.
Sotlace imnpounorments or Inevnie-
store. Deacrrti the procestes in
the space pro-0a4; Secton E-C.;

LnTT 00'
JAZASUASI

CODELooT C' ZA-SUIMt Lcrir 0'

TOt GALLONS PER DAY OR
LITERS PER DAY

TC2 GALLONS PER DAY OR
LITERS PER DAY

I3 TONS PER HOUR OR
&AETRC TONS PER HOUR:
GALLONS PER HOUR OR
LrTERS PER HOUR

TO. GALLONS PER DAY OR
LITERS PER DAY

ILE rT OF
1 A SURE

ad fA.Sv1 ! CODE
D.ALO(S ........... ..............0

V11811... ... .. .............................. L
ctLmic YARDS. . . . . . 1
CLEilTERS..............................c

- OAL.LOn.ISPERDAY ............................ U

LIRS PER C'A... ............ ..
70"IS PER CAq............................. 0

MTRI iCOtS PERiHOUR............W
G.I.O.OP8 K MRii...............£:

LITERtS PER.Mq..................

i#f:TAAE&4TER .............................. F
...................................... I

..... RI..................................0

EXAMPLE FOR COMPLETING SECTION III (shown in line numbers X-I and X-2 below): A lacility has two storage tanks, one tank can
hold 200 gallons- and the other can hold 400 gallona. The facility also has an Incinerator that can burn up to 20 gallons per hour.

A B. PROCESS DESIGN CAPACIsM' L PROCESS DES4GN CAPACrTY
CZ &SPR 2- UwtT U u A.'RO 2. UNIT OFOR'A

OF .EAI OFFCAL L . OFF CALN CIG E r. A O4y N SUR. U, M Io COOE 1. AMOUNT SURE U3EN E IN-. set "o-01e') O. I N E (s,_. iaa/y lcaONLY
E R Fe. ot o.)

X-1 S 0 121 600 1 GS S 01 J2
X-21T 0131 20 1E 6 S 0 1 1,000

,fs ~ 2550 G 7

2 T 01 11 550 W 1 8 11 1

I 01 41 720 9 11f 17.0 41 300F -.4 V
E. .0. ECY 030-31 Foem 3 lUy. 2/14 PAGE 1 OF 5 CONTUE ON PIE VERSE

A-10

P0"M - -

3

reroce ss

LP T 00 hw-&SLM E
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Ill. PROCESSES (continued)

C. SPACE FOR ADOmoNAL PROCESS CODES OR FOR DESCRIBING OTHER PROCESS (coo. "To-'). FOR EACH PROCESS ENTERED HERE iNCLUOE DESWN CAPACr"Y.

'~he 1706-KE Waste Treatment System consists of a 550 gallon waste accumulation tank, a
cubic foot mixed-bed resin ion exchange column, a 30 gallon evaporation unit, a 96

gallon condensate collectioir tank, and a container storage area capable of holding up to
fifteen 55 gallon containers.

Waste generated in the 1706-KE Building will be neutralized in the accumulation tank
and then transferred from the wa.ste accumulation tank to the ion exchange column and
continuously recirculated to remove the ionic constituents from the-waste stream; The
wastes will then be transferred to the evaporation unit. This unit wilf be heated,.-and
the liquid wasted boiled to steam. The steam will be condensed and collected'in a 96

gallon condensate collection tank. Exhaust from the evaporation process will be passed
through a carbon filter and a HEPA filter prior to discharge.

The 1706-KE Waste Treatment System is used to treat Radioactive mixed wastes generated
in the lab.oratories of the 1706-KE Buildihg.

IV. DESCRIPTION OF DANGEROUS WASTES

A. DANGEROUS WASTE NUMBER - Enter the four digit number from Cheoter 173-303 WAC for each listed dangerous waste you wilt handle. If you handle

tangeroui wast a vhir:t are not listeC ir Chno:ar 173-303 WAC, enter the four digit nuMoer(s) thaI deacribes the Cnaractonrtstica and/or the toxic con-

taminants at tnose dangerous wastes.

B. ESTIMATED ANNUAL QUANTITY - For each lIsted waste entered in column A estimate the quantity of that waste that will be handled on an annual basis.
For each cnaractenstic or toxic contaminant entered in column A estimate the total annual quantity of all trie non-listed waste(s) that will be hand4ed wruch

possess that CnaraCteristic or contaminant.

C. UNIT OF MEASURE - For each quantity entered in column B enter the unit of measure code. Units ot measure which must be used and the appropriate codes

are:

ENGLISH UNIT OF MEASURE CODE- METRIC UNIT OF MEASURE CCOE'
POUNDS ........................................................ P KJLOGRAMS........................................... K

TONS ........................................................... T METRIC TONS .............. ................ ................. .M
If facility records us. any other unit of measure tcr quanrty, tie unts aof measure must be connerid into one ot tm requored "as at measure taking into account the approrinate owi-
ainy or "asplc gray'rry Of the waste.

D. PROCESSES

1. PROCESS COCES:

For gatad dangerous waste: For each tinted dangerous waste entered in column A sel-act Vre coda(s) ftrn the 6ie? of process codes Cortaned in Secion 1t to indicate how the
waste wilt be stored. treated, an/or disposed of at Ira facility.
For non--sted dangerous wastes: For esci chraetenstic or toxic contaminent errtared in Corirn A. caeet the code(s) from the Gat Of proceass coos contained in Section At
to ndrciat a tre peocoasas tiat will be used to store. treat. and/Or dispose of all the non-iried oarigerous waister It poass*s tiat cOaractentirc or toxic corrianrnant.

Nota: Four spaces are provided tor .nienng process codeas. 1t more are needed: (1) Enter tie tirat the" as descrOed above: (2) Enter I%=*" In me exira,.w nrti Lox ot livin
TV-0(1): and (a) Entor in the space provoeiea on page 4, ine line numeor and tire additional code(&).

2. PROCESS DESCRIPTION: it a code In not tiated for a process that will be used. describe the process in tie space prorided on lye form.

NOTE: DANGEROUS WASTES DESCRIBED BY MORE THAN ONE DANGEROUS WASTE NUMBER - Dangerous wastes tnal can be dec~ribed by more tMen one Wast.
?r-rorr snall be oescilbed on ln form as tolows:

I. Seoect ona of the Dangerous Waste Nurbsra and enter it in column A. On the name ine complete corns S. C. and D by snisatng the total annual quanittry of the
war. and aescnog arl ine processea to be used to treat. siore, and/or dispose of tie waste.

2. in corruenn A of tre next fine enter the orrer Dangerous Waste Number mal can be used to oescrbe the waite. In colun D(2) on that line enter "dicluded itih abo-e"
and mea no other ninea on that fine.

1. Repeat sisp 2 for eacA other Dangerous Waste Number that can be used to describe tire dangerous waste.

ExAMynE FOR COMPLETING SECTION IY (show in line numbers X- I, X-2. X-3. and X-- below) - A facility wiN treat and disooe o at n setimatad 9C0 pounds par year o0 chrome sue,-

iMe Irorn e tirer Isnrnr and finshing O0e0tion. In ddritiori. the facility will treat and dispose of trrree non-listed waiesa. Two westes are corroa"r. only and mere wrI be er aetiineted

200 soonds per year of eacn waste. The other waste us corroarve and ignitabie and there win be an estimated 100 pouOa per year at that wale. Traitment wie be In ae, iic~eralir and

-o0oal w-,if be e a landfill.

L A. c.urr D. PROCESSES

WN DANGE NO.S ES F WATED ANNUAL 1. PROCESS COdES 2- PROCESS DESCRtPTION

X K 0.5 41 900 P H 0 3 8 0i

Y DI00 2 400 P o 3 8 0

_,_1D 0 0 I 100 P 0 3 8 0 1
X-41 D 0 02 iI T 0 3 8 101 includcd with abovc

C= .rl. ECT 00-31 Form 3 PAGE 2 OF 6 CONTINUE ON PAGE3

A-ll
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L A. C. UNIT0.P CESES
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SECTION V - FACILITY DRAWINGS
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SECTION VI - PHOTOGRAPHS
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1706-KE WASTE
TREATMENT SYSTEM

WASTE ACCUMULATION TANK

Longitude Latitude
1190 35'34, 192" 460 38'57.225" (PHOTO TAKEN 1986)

2K8607-21.23
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1706-KE WASTE
TREATMENT SYSTEM

ION EXCHANGE COLUMN
AND WASTE ACCUMULATION TANK

(PHOTO TAKEN 1987)

2K8701-6.42
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1706-KE WASTE
TREATMENT SYSTEM

ION EXCHANGE COLUMN AND
ASSOCIATED PIPING

(PHOTO TAKEN 1987)

2K8701-6.41
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1706-KE WASTE
TREATMENT SYSTEM

SOLIDIFICAT10N UNIT SHOWN IN UP POSITION

(PHOTO TAKEN 1986)

2K8607-21.21
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1706-KE WASTE TREATMENT SYSTEM

7

SHOWN IN DOWN POSITION EVAPORATING WASTE

(PHOTO TAKEN 1986)

2K8607-21.20
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1706-KE WASTE
TREATMENT SYSTEM

SYSTEM CONTROL PANEL

(PHOTO TAKEN 1986)

2K8607-21.22
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(PHOTO TAKEN 1986)
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1706-KE WASTE
TREATMENT SYSTEM

- *

EXHAUST FILTER SYSTEM (PHOTO TAKEN 1987)

2K8701-6.43
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SECTION A

PART A APPLICATION

A-1 INTRODUCTION

The 1706-KE Waste Treatment System is a treatment unit which will be used to

treat radioactive and radioactive mixed wastes. These wastes are generated in

the laboratories and test facilities of the 1706-KE Chemistry and Waste
Treatment Technology Building. The wastes will be transported via

polyethylene tubing from a waste transfer station to a 550-gallon waste
accumulation tank. All wastes accumulated in the tank will be neutralized to
a pH of approximately 7.0 standard units upon admittance to the tank. This

waste stream will then be passed through an ion exchange column to remove

ionic constituents from the waste.

The wastes will then be transferred to the evaporation unit. This unit will

be heated, and the liquids and the volatile materials will be vaporized. The

vapor will be condensed, and the water will be collected in a condensate
tank. The volatile airborne materials will be filtered through a carbon
filter and a HEPA filter system. The solid materials remaining in the

evaporation unit will be contained for proper disposal as a radioactive mixed
waste.

Volume 2 of the U.S. Department of Energy (DOE-RL) Part A Permit Application
was prepared for submittal to the State of Washington Department of Ecology

(WDOE) and the U.S. Environmental Protection Agency (EPA), Region X, on
August 15, 1986. It contained waste designation and treatment process

information for the 1706-KE Waste Treatment System, which is located in the
100-KE Area of the Hanford Site.

The 1706-KE Waste Treatment System is a dangerous waste treatment facility

which was put into operation in July of 1986. Since a Part A Permit

Application was submitted to the EPA and WDOE in August of 1986, the 1706-KE

A-1
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Waste Treatment Facility currently has interim status, and will continue to

operate under interim status until the facility receives a final facility

permit.

The 1706-KE Waste Treatment System will not be operated again until all system

components meet the regulatory requirements of WAC 173-303 and 40 CFR 264 and

an operating procedure has been written for the system.

A-2 PART A APPLICATION

The following revised Part A Permit Application contains waste designation

information and waste treatment process codes for the 1706-KE Waste Treatment

System. This revised Part A Application is being submitted to the EPA and

WDOE in April, 1987. The original Part A Application was submitted to WDOE on

August 15, 1986.

The 1706-KE Waste Treatment System has been modified since the original

submittal of that Part A Application. An ion exchange column has been added

to the system to remove the ionic waste constituents.

The liquid wastes from the ion exchange column will be transferred to the

solidification unit. The solidification unit will now be used only for

evaporation of the liquid wastes. The condensate from the evaporation process

will be collected in a condensate collection tank. The contents of this tank

will be transferred into 55-gallon containers and stored in a new container

storage area until samples of the condensate have been analyzed and determined

to be nonhazardous and nonradioactive.

These modifications to the System were necessary to comply with the

requirements of 40 CFR 264 and WAC 173-303.

WP #9136A
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PART A

DANGEROUS WASTE PERMIT FORMS

(FORMS 1 and 3)

A- 3
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FORM 1-INSTRUCTIONS

INe form mud -no Corolated OY all olicante.

cofrna.inq Thos foirn

'N.ase-tO..O Clint It vow ofn'- Caco oect nairactr oaelveen IMe efna
ACOrevel#4 fr AOCOG*rf C0 St(y .,lfln me iumaier 3f ;,aractc, agowd 'or

,*CA -gem UUe on* 30Oce for reels oetwen words zili not ior ouctwaston
-ia,, ul*SS May are ieqo# t Cmto s 0r. esQns.

Sect Un. I

Soace a4 aronvded at Me cwer mcnt nao corner -i Form I icr lei't4on at your
EPA/Stat. .aenniionon mum"e It ro ave an .8sting taciiify enter lo. 'Ca*n.
tcato. nMaOr it you dOn t n.ve an EPAiStat. dentitciaton IuMrO.r a1..0

aontact in Oeoartr.esnt of Ecoogy (206) "5-4303 and one -l Ce OrovicO or
you It now facility is new (not yet conotructod). gave IMs 'tern clanl .

Section Vit-C

Enter 'me sooroorlate aiter to o.ne I mi. CegU atuc e oweiuor it .nn
'Sci.Iy IrCic ato uO.1C 'or a Iacuity satei own*d ny iocal governmnismili ucn

as a CItY. !0-n Zouol. zarten. 4,c.

Section Vt-0N

Emtat me 'e.00none nMoe and Sadress of !Me cdretor 'en111.4 ite- vii-A

Secton Vill

Inicate -Ietner tie ecaty '4 located an IAdeA lAd&.

SetIon IX

.on.0e0 a ioograon.4 MACa or Mao& of 'ie n rc. eataadmq at i*e.. to one n.
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Th. eq. coundanes o ine lacity:

The location and 3enai noRoer of eacA o tow axitng And OrCOOdcd naice

Section it and atednarge struciurea:

Enter ne tacilty's Oftictaal or legal name. Oc not 404 a Coloquial rmemo

Section III

G.* the inam*. !its. And WOn 1e0eAon numaer of a aerso" Wmni a (morougnoy
farniar el1 ina, COerton ol tMe facility and witir ei acts recorted in Ite do-
o'catiod and Wfl can 0e contacted it necessary

Sectsol IV

Give in Coaeunate mailing addrl eat fl me 0111cc oter. corVe dndenc. sooed
Ce Sent. This often it not in adoreas sed to dessqnAee [no ocalton or -Me

'acillty or activity.

Cive inm datr.a. or location of te faclity identified in Section 111 o tMIS frm it
in. aciity loca a street numn, or route inrnaer. gIve in. mat accurate laier.

Mne Q9ograonsc *ntronntbon (e.g.. section numrer or :uarter acton numoer
from County records of a ImerSoon or Afs. 425 and 22).

Section Vo

Lost. n delacpnlng Croer at sigidicasCae. ine lour '-igt standard inoustnal
Ci4a4aacagion (SIC) codes Wrcin 0468 coacoa nO tacility in lnome of ie aR-

Clal ;fOduco or iervcas y01 OrOdace or jrO*e. Also, SOecIry 4aCd.
C:aasfcation it woras. Thee claneitcaiona may llier toram In. SIC zoaes
coacnomei tio Coeration generating te angrous West"
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ausnot Claatifcston lAdionl" areare oy in Etsectinvn Office Of im Pree-
cot. Office of manageimann and 1cogee., WfoicA I ceeeal.o from mne Govern.

Mne Pnntng Office. waanAngoon. O.C. U,. in currewn e0t1on of iM manual. It
you nev any oiletiOno concerning rte 4a0roorAlle SIC coo. for or facity.
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rAP
AtTacri to tis aolicatien-a-ooogracnic mat of tMe area extending to at least one mile teyono procerty tounaaries. The mao must snow Me

outline of I.e tac:lity. tme location of eacn Of its existing and procosed intake and discnarge structures. eacti ot its nazardous waste treatment.

storage. or discosal tacilities. and eacri well wnere it tnjec*s.ffUids unoergound. !nc!uCe all sonngs. rivers and ottler surface water cocies in ne
mao ares. See instructions for orec:3e requirements.

X. NATURE OF BUSINESS (brovice a onet aescnotion)

0 NATIONAL DEFENSE NUCLEAR MATERIAL PRODUCTION

-0- ENERGY -RESEARCH AND TECHNOLOGY DEVELOPMENT

0 DEFENSE NUCLEAR WASTE MANAGEMENT

- BYPPDtC-TEAM, SOLD FOR ELECTRIC POWER GENERATICN

0 AND SIC 15: BUILDING CONSTRUCTION - GENERAL CONTRACT7RS AND CPERATIVE
BUILDERS

X1. CEzTIFICATON (see instructions)

I certify under benalty of law mhat I have ersonally examined and am famliiar with in Information submitted in tMis a=0=ic0tion -and all at-

tacnments and fiat. based on my tndutry of tMose persons immediately tesoonsibl for ooraining tfle informatIon contained in en aoic atICn. I

believe tMat the ,nformaOfl IS trte. accurate and comptere. I am aware tha tnere are significant penalties for submitting false intormation. n-
ciudinq the posaibility of fine and imprisonment.

* NaME A oFpiCm. n-nA avo O gri. 5) a. SIAmt .A1T S44Q

TR. FITZSIMMONS, ASST,.ANAGER

aCy 030-31 RovErso

SCL1 27a-
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FORM 3-INSTRUCTIONS

Comoleting This Form

Please type or orint. If you orint olace each c.aracter netwelln the
marxs. Aboreviats i necessary to stay within the number of onaraciers
allowed for aacn item. Use one oace for treas Coetwee woros. out
not Par ounctuation marxs unless they are needad to c1anity your
resOonse,

Section I

E~usting dangerous waste management facilities should enter meir
EPA, STATr Identification Numoer (if known). New tacilities should

leave mis tern clank.

Section 11
A. FIRST APPLICATION. It this is tme first acOlication flat is eing tiled
for te facility place an X' in either me Existtng Facility ox or the New
Pacility box.

i EXISTING FACLITY. EAsting tacilities are:

a. Those facilities which recalved lteZsrCOuS waste for t*rat-
ment. storage, and/or CisCosal on or totore Novemoer i9'
t980: or

n. Those facilities for which construction fad commenced On
or before Novemoer 15. 1980. COnsitruction had "commenced"

(I) The owner or coerator Mad iOtained all necessary
Federal. State. and local preconstruction aborovela or cer.
mits: and

(2-s) A continuous nysIcl. On-Site constructton
program had begun (facility design or orher relimmiary
non--ontylcit and non-sltr joecific preoerStory
activities ao nor conrsriute an on-site construction
;rogram). or

(2-b) The owner or coerator had ennerad into contractual
coligations (ootions to ourcase or contracts for feesticlity.
engieering, and design studles do not constitute con-
tractumi oligationsi mnicn could not be cancelled or
mOdIlied itfIOut subStantial losa. Generally. a !03s is
deemed suastantiai it the amount an owner or obera tor
must oay to cancel construction agreements or stog con-
struction exceeds 10% of the total 0rogect cost.

5XtSTING FAC:UTY 0A-Ti. If tie Eslarirlg Facility box is mark-
ed. enter the Cats dangerous w4st1 oberatIonS began (i.e.. Ie
dare tne facility oegan treating. stonrng, or disoosing of
hazardous waste) or tre cats construction commenced.

2. NEW FACIUTY. New facilities are all facilities !or which cOn-
Struction commenced. or will commence. arter Novemoer 19.
t980.

NEW PACIUTY OATE. It the New Facility tax is marked. enter
tne date that operation began or is excected to begin.

S. REVISED APPUCATICN. If this 1a a suasocuent acolication that is
being tiled to amend data tiled in a orevious acolication, ;faca an -X in
the aooroOnate box to indicate whether tfl facility n as interim status or
a permit.

i. FACUTY HAS AN INTERIM STATUS PEqMIT. Place an "X' in
this ox it this is a revised aColictfin to make changes at a sctill- -

ty ouring the interim status Period.

2. FACILITY HAS A FINAL PERMIT. Place an "X" in this tox if this
is a revised acolication to make changes at a facility for wnich a

oermit has Oeen issued.

(NOTE. When submitting a revised aoolicarton. acoicants must

resuoint in meor entirely eecn item on tin aaotication for wrtin?

cnanges are reouestac. In addition. items I and IX [and item X if ac.
rlicsdie/ must be cotIoiered. it 1s not necessary to resuom r 1ntor-

marion for ortier items tier wool not c.hange).

ECY 030-31 IMSTR. Form 3

EC.A -271-

Section lI

The iformation in Section Ill descriees all the crocesses that will to
used to treat. store, or cisoose of carogerous waste at the taciity. The

design caticity of eacn process must be provided as ocart cI me
cesction. The oesign casacity Of injection wels and landfills at ex-

isting tacilities should as measured as the remaining, inused caoaci-

ty. See te torm for the detailed instructions to Section Ill.

Section IV

The information in Section IV descnbes ail the dangerous wastes that

will be treated. stored. or aisoosed at tie lac:ity. In addition, the cr0-
ceases mat will be used to treat, store. or ciscose of eacn waste an0
the estimated.annual cuantity Of each waste must ze oroviced. See
tiE form for the detailed instructions to Section IV.

Section V

Alt existing facilities must :nc:uae a :rawing showing :he general

layout of the facility. This drawing should Oe accroximately to scate
and fit in the soace provided on io form. This orawing should snow
the following:

The orocerty boundanes of the facility:

The areas occuoled by ail storage. treatment, or ciscosal aoera-
tions that will te used during interim status:

The nmeme at eac oberation. (Exsmoie-mutiOie nearr in-
cinerator. drum storage area. atc.):

Areas of past storage, treatment, or disosal ocoerations:

Areas of future storage. treatment, or cisposal ocoerations; and

The acoroximate dimensions of the property boundaries and ail

storage. :reatment. and ciscOSai areas.

Section VI
All existing facilities must include onatogracs that clearly delineate
all existing structures: ail existing areas for storing, treating, or
cisoosing of azarcOaus waste: and all Anown siteS of tuture storage.
treatment. or casiosal Coerations. Photograons may os color Or oiacx

and white. ground-ievei or aenai. indicate the Cate the photograph
was taken on the bacx of eact ornotograori.

Section VII

Enter tne latitude and longitude of the facility in degrees. minutes. and
seconds. For larger facilities. enter the tittuce and longitude at !ite
acCroximate mid-point of 'Me ftaclity. You may use the mao you oro-
vided for Section IX of Form 1 to determine latitude and longituce.
Latitude and longitude information is also avaiisole from Regional Cl-
flces of the U.S. CeCartment Of Interior, Gedlogical Survey and from

State agencies such as the Cecartment of Natural Resources.

Section VIII
See the form for me instructions to Section Vill.

Section IX and Section X

All facility owners must sign Section IX. If tne facility will be cceratec
by someone other ,man Ihe owner, then the -oerator must sign Sect::n
X. Tederal regulations r.eQuire me certification to oc signed as tchews:

A. For a coruoreticti. by a crinctoes executive officar at least te
level of vice oresioent:

. Cor a cartnersniO or soie crcorietorshio. by a general cartner
or the orooretor. resoectively: or

C. For a munic:oality. State. 2ederel. or other public facility. :y
either a princtbal executive olficer or ranxing elected official.
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SECTION B

FACILITY DESCRIPTION

This section provides a general description of the hazardous waste management

facility as required by 40 CFR 270.14(b)(1) and WAC 173-303-806(4)(a)(i).

This description is intended to acquaint the permit application reviewer/

permit writer with an overview of the Hanford Site and this facility. More

complete details on this facility can be found in other parts of this permit

application.

B-1 GENERAL DESCRIPTION

The Hanford site is a 570 square mile tract of semi-arid land which is owned

and operated by the U. S. Department of Energy. This site is located

northwest of the city of Richland, Washington in the Columbia Basin. The city

of Richland lies approximately three miles from the southern-most portion of

the Hanford Site boundary and is the nearest population center (see

Figure B-1). In early 1943, the United States Army Corps of Engineers

selected the Hanford Site as the location for reactor, chemical separation,

and related facilities for the production and purification of plutonium. A

total of eight graphite-moderated reactors using Columbia River water for

once-through cooling were built along the Columbia River.

N Reactor is a new type of dual-purpose reactor used to produce both plutonium

and steam for electricity. N Reactor remains in operation today. The 100-KW

and 100-KE Reactors were constructed in 1952 and 1953, respectively, and

operations at the reactors were terminated in 1970 and 1971, respectively.

Activities are centralized in numerically designated areas on the Hanford

Site. The reactor facilities (active and decommissioned) are located along

the Columbia River in what are known as the 100 Areas. The reactor fuel

processing and waste management facilities are in the 200 Areas which are on a

plateau about seven miles from the river. The 300 Area, located north of

Richland, contains the reactor fuel manufacturing facilities and the research

and development laboratories. The 400 Area, five miles northwest of the

B-1
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300 Area, contains the Fast Flux Test Facility. The 1100 Area, north of

Richland, contains facilities associated with maintenance and transportation

functions for the Hanford Site. Administrative buildings and other research

and development laboratories are found in the 3000 Area, also north of

Richland. The Nonradioactive Dangerous Waste Storage Facility is located

between the 200 East and 200 West Areas on Route 3S, which is also located in

the 600 Area.

The 1706-KE Waste Treatment System is a newly identified system used for

chemical and physical treatment of liquid radioactive mixed wastes. A brief

description of this facility follows:

1706-KE Waste Treatment System -- The 1706-KE Chemistry and Waste Treatment

Technology Building is a laboratory building used for physical and chemical

tests of various N Reactor systems. The laboratories in the 1706-KE

Building generate radioactive mixed wastes. The 1706-KE Waste Treatment

System is an onsite facility used for the storage and treatment of these

wastes. The laboratory wastes are transported from a transfer station to a

large accumulation tank on the -27 foot level of the building. The waste

in the tank will be circulated through an ion exchange column to remove

ionic waste constituents. The effluent from the ion exchange column will

then be evaporated, and the condensate collected in a tank. The vapors

from the evaporation process will be passed through a filter system prior

to being exhausted. The liquids in the condensate collection tank will be

tested for hazardous and radioactive characteristics and will be released

only if nonradioactive and nonhazardous.

B-2 TOPOGRAPHIC MAPS

The map in Appendix B-1 is a general overview map of the entire Hanford Site

property and the surrounding countrys4de. This figure is intended as a

location map and illustrates the following:

B-3
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o The facility boundary which for purposes of the permit application is

defined as those portions of the Hanford Site located within the

perimeter security fences shown on the map;

o Surrounding land use including the Saddle Mountain National Wildlife

Refuge and the State Game Reserve to the north and the Rattlesnake

Mountain Ecological Reserve located to the west. Land east of the

Hanford Site across the Columbia River is primarily farmland or a part

of the Game Reserve. The surrounding land area is also shown in

Figure B-1;

o Contours sufficient to show surface water flow. Because of the area

shown, contours indicate 20 foot spacing;

o Fire control facilities located on the Hanford Site;

o Locations of access roads, internal roads, railroads, and perimeter

gates and barricades; and

o Longitudes and latitudes.

The map in Appendix B-2 is a topographic map of the 100-K Area of the Hanford

Site. The contours on this map are 2-foot spacing.

Figure B-2 illustrates wind rose data for various locations on the Hanford

Site. Winds are predominately from the west.

Figure B-3 shows the layout of the 100-K Area. The 100-K Area is surrounded

by a perimeter chain link fence with one access road and a locking gate.

The location of the 1706-KE Waste Treatment System and container storage area

are shown on the 1706-KE Building lavout drawings shown in Figures B-4 through

B-6.

B-4
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B-3- LOCATION.INFORMATION

B-3(a) Seismic Consideration

The DOE Hanford Site is not located within any of the political jurisdictions

identified in Appendix VI of 40 CFR 264 or WAC 1734-303-420(3)(C) which are

considered to be seismically active. Thus, further demonstration of

compliance with the seismic standard of 40 CFR 264.18 and

WAC 173-303-806(xi)(B) is not required.

B-3(b) Floodplain Standard

The Army Corp of Engineers (Jamison, 1982) has calculated the probable maximum

flood based on the upper limit of precipitation falling on a drainage area and

other hydrologic factors such as antecedent moisture conditions, snowmelt, and

tributary conditions that could lead to maximum runoff. The probable maximum

flood for the Columbia River below Priest Rapids Dam has been calculated to be

1.4 million cubic feet/second. The floodplain associated with the probable

maximum flood is shown in Figure B-7. The inundated area shown in Figure B-7

is greater than that which would be inundated during a 100 year flood. The

1706-KE Waste Treatment System addressed in this Part B permit application is

located above the 100 year floodplain.

B-3(b)(1) Demonstration of Compliance

The hazardous waste management unit under consideration in this permit

application is not located within the 100 year floodplain and there is no plan

for establishing a unit in the floodplain. A further demonstration of

compliance is therefore not applicable for this Part B permit application.

B-4 TRAFFIC INFORMATION

The 1706-KE Waste Treatment System is located within the Hanford Controlled

Access Area where roadways cannot be accessed by the general public. This

facility is isolated from the nearest public highway, State Highway 24, by at

least 6 miles.

B-10
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Roadways inside the Hanford Site are restricted to authorized personnel and

cannot be accessed by the general public. The majority of traffic inside the

Hanford Site boundaries consists of light duty vehicles and buses used to

transport the employees to the various operations sites located within the

Hanford Site.

Figure B-8 shows the major roads throughout the Hanford Site. These roads are

classified as either primary or secondary routes. The primary routes include

Routes 4S, 10, 4N and the portion of llA east of route 4N. All other roads

are secondary routes. The primary routes are constructed of bituminous

asphalt (usually two inches thick, but the thickness of the asphalt layer will

vary with each road) with an underlying aggregate base. The secondary routes

are constructed of asphalt with an underlying aggregate base. The aggregate

base consists of various types and sizes of rock found on site.

The 1706-KE Waste Treatment Facility is located approximately two miles from

the Hanford Site Highway which is used by site personnel traveling to the 100

Areas. The road leading to the 1706-KE Building is asphalted.

All waste is carried from the point of generation in the 1706-KE Building to

the 1706-KE Waste Treatment System via polyethlene tubing. Vehicle traffic on

the roads around the 1706-KE Building is light, and no waste is transported

via roadways to the treatment facilit". Evacuation routes are covered in

Section G, Contingency Plan.

B-5 REFERENCES

Jamison, J. D., "Standardized Format for Hanford Environmental Impact

Statements," PNL-3509 PT2, 1982.
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SECTION C

WASTE CHARACTERISTICS

The wastes which will be treated in the 1706-KE Waste Treatment System are

generated in various laboratory facilities in the 1706-KE Building. These

laboratories are used to conduct chemical and physical tests of various

N Reactor systems.

The laboratory wastes consist primarily of liquid radioactive and radioactive

mixed wastes, and are collected at the point of generation of the wastes. The

wastes collected at the point of generation will be contained in carboys or

other appropriate containers in satellite accumulation areas. The carboys

will be stored until they are full, and then they will be transported to the

waste transfer station in the 1706-KE Building. From the waste transfer

station, the wastes will be transferred by a small pump via polyethylene

tubing to the waste accumulation tank of the 1706-KE Waste Treatment System.

The waste accumulation tank is a 550 gallon tank used to contain the wastes

prior to treatment. All wastes placed into the accumulation tank will be

neutralized to a pH of approximately 7.0 standard units shortly after.

admittance to the tank.

When there is a sufficient volume in the waste accumulation tank for

treatment, the inlet lines to the waste accumulation tank will be closed. The

wastes will be treated in a batch process mode only. The wastes will then be

circulated through an ion exchange column and back to the accumulation tank.

This waste will be continually recirculated through this system until the

column has become saturated or the waste liquid contaminants have been reduced

to an acceptable level.

The wastes will then be transferred from the accumulation tank to the

evaporation unit where the liquids will be heated to approximately 100*C and

boiled to steam. This steam will be condensed and collected in the condensate

collection tank. The vapors from the evaporation process will be pulled

C-1
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through a filter to collect the gaseous emissions and then through a High.

Efficiency Particulate Air (HEPA) filter system to collect any particulates

prior to being discharged to the environment.

The liquid in the condensate collection tank will then be transferred to

55-gallon containers which will be stored in the container storage area until

their contents have been determined to be nonhazardous and nonradioactive.

The container storage area will be capable of holding up to 15 55-gallon

containers. When the contents of the containers have been determined to be

nonhazardous and nonradioactive, they will be released as non-designated solid

wastes.

C-1 CHEMICAL AND PHYSICAL ANALYSIS

The 1706-KE waste accumulation tank currently contains approximately

400 gallons of liquid radioactive mixed wastes. The contents of- this tank

will be sampled and analyzed according to procedures specified in SW-846,

"Test Methods for Evaluating Solid Wastes." The analyses will include pH,

conductivity, reactivity, ignitability, total organic carbon, ICP analysis,

and ion chromatography. These analyses will provide information necessary to

properly designate the wastes currently in the accumulation tank.

Following designation of the wastes, the contents of the tank will be

transferred to containers and shipped to the Hanford Site Waste Management

Contractor for storage and treatment. The entire 1706-KE Waste Treatment

System will be triple-rinsed with clean water following the removal of the

waste in the accumulation tank. This rinsate will also be collected and

transferred to the Hanford Site Waste Management Contractor. Swipe samples of

the interior of the system will be taken and analyzed to ensure that all

hazardous waste residues have been removed.

The chemical and physical composition of all wastes to be placed into the

1706-KE Waste Treatment System following the clean-out of the tank will be

recorded on a log sheet. An example of this log sheet is included as Figure

C-1. This log sheet will provide the information necessary to manage the

waste in accordance with the requirements of 40 CFR 264 and WAC 173-303.

C-2
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The wastes treated in the 1706-KE Waste Treatment System may include, but are

not limited to, acids, caustics, liquid wastes containing heavy metals,

organic acids, sulfates, nitrates, and chlorides. Liquid wastes which are

radioactively contaminated will also be treated in the system. Based on

current estimates, the system is expected to treat less than a total of

1500 gallons of waste per year.

These wastes will be treated in the 1706-KE Waste Treatment System in a batch

process mode. No wastes will be added to the system after treatment begins.

All of the treatment process effluent (condensate) will be transferred

to containers which will be moved to the container storage area before the

waste inlet lines to the waste accumulation tank are re-opened. Since the

waste accumulation tank is equipped with an agitator which provides complete

mixing of the tank contents, this batch process treatment mode will ensure

that the treatment effluent (condensate) exhibits relatively uniform

characteristics.

Duplicate composite samples will be taken of the treatment effluent while the

effluent is being transferred from the condensate collection tank to the

containers. There is a sample tap on the condensate collection tank drain

line. Two samples will be taken consisting of a composite of approximately

500 ml from the filling of each effluent storage container. These composite

samples will be representative of the entire treatment effluent.

These samples will be sent to a laboratory for analysis. The analysis will be

done to provide all information necessary to verify that the treatment effluent

(condensate) is not designat~d as a hazardous waste under 40 CFR 261 and

WAC 173-303. The samples will be analyzed for the parameters listed in

Table C-1.

The parameters listed in Table C-1 were selected to provide preliminary

screening information on the characteristics of the treatment effluent

(condensate) in order to designate the effluent. These parameters are

toxicity, corrosivity, ignitability, total organic carbon, and reactivity.

C-4

1 706-KE



4/24/87, Rev. 0

In addition, if the log sheets indicate that a hazardous waste constituent

has been introduced into the 1706-KE Waste Treatment System which the analyses

listed in Table C-1 will not detect in the treatment system effluent, the

samples will be analyzed for that additional waste constituent.

If analysis of the treatment effluent indicates either the presence of any

toxic constituent at a concentration of greater than 100 ppm, or a pH of less

than or equal to 2.0 or greater than or equal to 12.5 standard units, or the

presence of a reactive or ignitable hazardous waste, the results of the

analyses will be sent to the Hanford Site Waste Management Contractor for

further waste designation.

If the 1706-KE Waste Treatment System treatment effluent is determined to be a

designated hazardous waste, the containers of th-e effluent will be sealed and

sent to the Hanford Site Waste Management Contractor for storage and further

treatment.

C-2 WASTE ANALYSIS PLAN

The composition of wastes which will be treated in the 1706-KE Waste

Treatment System will be recorded on a log sheet prior to admittance into the

waste accumulation tank. An example of this log sheet is shown in Figure

C-1. The system operator will thus be able to determine the total volume of

each waste constituent in the waste accumulation tank. This will provide

chemical and physical information on each waste batch treated in the 1706-KE

Waste Treatment System.

The by-products of the treatment process - the contaminated ion exchange

column and the sludge in the evaporation unit - will not be sampled. Instead,

these solid wastes will be designated according to the log sheets kept of the

wastes being placed into the accumulation tank. These log sheets will provide

a conservative estimate of the types of waste materials which remain in the

ion exchange column and/or the evaporation unit. Following designation of

these wastes, they will be shipped to the Hanford Site Waste Management

Contractor for proper dispositioning.

C-5

1706 -KE



4/24/87, Rev. 0

The effluent from the treatment process (condensate) will be sampled and

analyzed to determine whether it is a hazardous and/or radioactive waste.

This effluent will be sampled according to the following waste analysis plan.

C-2a Parameters and Rationale

The effluent from the treatment process will be sampled, and the samples

analyzed for the hazardous waste parameters listed in Table C-1. These

parameters, toxicity, pH, reactivity, total organic carbon and ignitability,

were chosen to provide designation information on the anions and cations which

may be present in the treatment effluent (condensate).

Radiological sampling of the treatment effluent will be done by the system

operators in the 1706-KE Building.

If the chemical constituents listed on the waste influent log sheets indicate

the presence of parameters not listed in Table C-1, the samples will be

analyzed for those additional waste constituents. If any wastes are generated

in the 1706-KE Building for which the analytical laboratory cannot provide

reliable analyses, these wastes will not be treated in the 1706-KE Waste

Treatment System but will be sent to the Hanford Site Waste Management

Contractor for treatment. The system operating procedure will include

restrictions on the type of wastes to be treated.

C-2b Test Methods

The effluent condensate from the 1706-KE Waste Treatment System will be sampled

and the samples will be analyzed for the parameters listed in Table C-1. The

test methods for these analyses are also listed in Table C-1.

If the chemical constituents listed on the waste influent log sheet indicate

the presence of parameters other not listed in Table C-1, the samples will be

analyzed for these additional parameters. These additional tests will be

conducted using EPA approved methods.

C-6
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TABLE C-1

1706-KE EFFLUENT ANALYSIS

Characteristics Parameters

Metals

1. Toxicity Zinc
Calcium
Barium
Cadmium
Chromium
Silver
Sodium
Nickel
Copper
Vanadium
Al umi num
Manganese
Potassium
Iron
Magnesium
Beryllium
Osmium
Strontium
Antimony

Test Method

SW-846, #6010

Ions

Nitrate
Sulfate
Fluoride
Chloride
Phosphate

pH

Ion Chromatography

SW-846, #9040

3. Reactivity

4. Ignitability

5. Total Organic Carbon

C-7

2. pH

SM-505
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C-2c Sampling Methods

Duplicate composite samples will be taken of the treatment system effluent

(condensate) in the condensate collection tank to determine whether the
effluent is a hazardous waste. These samples will be taken in accordance with
the procedures specified in SW-846, Test Methods for Evaluating Solid Waste,
Section One, "Sampling of Solid Wastes."

The composite samples will be taken while the treatment effluent (condensate)
in the condensate collection tank is being transferred into 55-gallon
containers. The samples will be taken via a sample line located on the tank
drain line. This sample line is shown on Figure C-1.

The samples will be collected and preserved in accordance with the
requirements of the analytical laboratory to which the samples will be sent.

C-2d Frequency of Analyses

Two composite samples will be taken for analyses from each batch of waste
which is treated in the 1706-KE Waste Treatment System.

C-2e Additional Requirements for Wastes Generated Offsite
This section is not applicable as the 1706-KE Waste Treatment System is not
used to treat any wastes other than those generated in the 1706-KE Building.

C-2f Additional Requirements for Ignitable, Reactive, or Incompatible Wastes
The 1706-KE Waste Treatment System is not used to treat any ignitable wastes.
Procedures will be written to prevent the introduction of ignitable wastes
into the treatment system.

The 1706-KE Waste Treatment System is not used to treat any reactive hazardous
wastes. Personnel who are involved with operating the system will be familiar
with the physical and chemical properties of the compounds that they are
dealing with, and will not introduce any materials into the system which may
cause an adverse chemical reaction in the system.

C-8
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A copy of. the 40 CFR 264 Appendix V Table of "Examples of Potentially

Incompatible Wastes" is kept near each logbook for materials to be added to

the 1706-KE Waste Treatment System. Operations personnel will refer to this

table before adding any new wastes to the system to avoid adding incompatible

wastes. The facility specific hazardous waste training program for the

operators of the 1706-KE Waste Treatment System will provide information and

training on potentially incompatible wastes to those operators.

C-3 WASTE MINIMIZATION

The 1706-KE Waste Treatment System is used to treat radioactive mixed wastes

generated in the laboratories in the 1706-KE Building.

The activities in the laboratories which generate radioactive mixed wastes

shall be reviewed to identify potential waste minimization steps. These steps

may include:

o Segregating wastes into four categories, nonhazardous, hazardous,

radioactive, and radioactive mixed wastes. Nonhazardous and strictly

hazardous wastes will not be introduced into the system;

o Limiting the volume of reagents used to the amount necessary and not more;

and

o substituting nonhazardous reagents for hazardous reagents, wherever

possible.

These steps will minimize the volume of wastes which are introduced into the

1706-KE Waste Treatment System.

The treatment will produce solid radioactive mixed wastes as by-products. The

first will be the resins in the ion exchange column. As these resins remove

contaminants from the waste stream, the resins will become saturated. When

the resins no longer function effectively, they will be properly disposed of

as a radioactive mixed waste.

C-9
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The waste container inthe evaporation unit will also contain a small volume.

of solid radioactive mixed waste in a sludge form. If the unit fails to

function effectively due to sludge buildup, the container will be removed,

sealed and disposed of as a radioactive mixed waste. The carbon and HEPA

filters will also be disposed of as radioactive mixed wastes when they do not

function efficiently due to saturation or plugging of the filters.

The 1706-KE Waste Treatment System is an effective volume reduction process.

The system treats a volume of liquid radioactive mixed waste and produces a

smaller volume of solid radioactive mixed wastes and nonhazardous liquids.

WP #9150A
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SECTION D

PROCESS INFORMATION REQUIREMENTS

The 1706-KE Waste Treatment System is a waste treatment system consisting of

an accumulation tank to store radioactive mixed wastes, an ion exchange

column, an evaporation unit, a condensate tank to collect the treatment

effluent, and a container storage area. These facilities are used to treat

radioactive mixed wastes which are generated in the 1706-KE Building.

The 1706-KE Building contains several laboratories and test facilities which

are used to conduct chemical and physical tests of various systems and

components used at N-Reactor. The locations of these facilities are shown on

Figures B-4 through B-6. These tests generate: 1) nonradioactive

nonhazardous wastes, 2) nonradioactive, hazardous wastes, 3) radioactive mixed

wastes, and 4) radioactive wastes. The 1706-KE Waste Treatment System is used

to treat the radioactive mixed wastes and the radioactive wastes.

The 1706-KE facilities are used by the Chemistry & Waste Treatment Technology

(C&WTT) department of 'N-Reactor's Development and Technology group as a

laboratory and testing unit.

The components of the 1706-KE Waste Treatment System have been in place on the

-27 foot level of the 1706-KE Building since January, 1987. The container

storage area design is currently being developed. This waste treatment system

replaces a series of systems used by the C&WTT unit which did not provide

hazardous waste treatment in accordance with WAC 173-303 and 40 CFR 264. This

system will not be operated until all system components meet the regulatory

requirements of WAC 173-303 and 40 CFR 264 and an operating procedure has been

written for the system.

All of the wastes from the 1706-KE Building laboratories are collected at the

point of generation in satellite accumulation containers in accordance with

WAC 173-303-200. The composition of all wastes is recorded on a log sheet as

shown in Figure C-1 before the waste is placed in the containers.
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When a radioactive mixed waste or radioactive waste container is full, the

container will be transported to a transfer pumping station near Test Facility

4 (TF4). From this location a small pump will be used to transfer the wastes

via polyethylene tubing to the waste accumulation tank of the 1706-KE Waste

Treatment System, located one floor below the transfer station.

The liquid radioactive mixed wastes will be collected in the waste

accumulation tank until either the tank is full, or the waste has been stored

in the tank for one year, whichever comes first. The waste in the tank will

then be treated in a batch process. All accumulated waste will be treated

before more waste is added to the tank. The interior of the waste accumulation

tank will be rinsed with clean water, and the rinsate treated in the system,

before the waste inlet lines to the tank are re-opened.

Prior to beginning treatment of the waste, all waste inlet lines to the tank

will be valved closed. The waste will then be circulated through the ion

exchange column and back to the waste accumulation tank. This waste will be

continuously circulated through the ion exchange column.and back to the waste

accumulation tank until the ion exchange column becomes either (1) saturated

with contaminants to the point of ineffectiveness, (2) radioactive to the

prescribed limits, or (3) the waste is reduced to nonhazardous and

nonradioactive concentrations.

A measure of the conductivity of the waste effluent from the ion exchange

column will be used as an indicator of the effectiveness of the ion exchange

column. If the effluent has a conductivity of less than twice the

conductivity of demineralized water, this will be an indication that the

hazardous constituents have been removed from the waste.

The waste will be collected in 55-gallon containers and stored in the

container storage area until samples of the waste taken and analyzed in

accordance with the waste analysis plan described in Section C determine the

waste to be nonradioactive and nonhazardous. If the samples indicate that the

waste is still hazardous and/or radioactive, it will be placed back in the

system and treated in the evaporation unit.

D-2

1706-KE



4/24/87, Rev. 0

If the wastes require additional processing they will be fed from the waste

accumulation tank into the evaporation unit. The evaporation unit- includes a

DOT 17H specification 30-gallon container encased within a heater unit. The

wastes in the container will be heated until all the liquid wastes have been

vaporized into steam.

This steam will be passed through a condenser and air exhaust system where any

airborne volatile hazardous and radioactive constituents will be entrapped in

carbon and HEPA filters. The liquid wastes from the condenser will flow

through a one-inch stainless steel tubing line into a 96 gallon stainless

steel collection tank. From the collection tank the wastes will be

transferred to 55-gallon containers. These containers will be stored in a

container storage area in the 1706-KE Building.

Samples will be taken while filling each of the containers. Two composite

samples will then be made and sent to a laboratory for analysis. If they are

shown to be nonradioactive and nonhazardous, the contents of the containers

will be released as a non-regulated.solid waste. If the contents of the

containers cannot be released, the containers will be sealed and transported

to the 200 Areas of the Hanford Site for storage and/or further treatment in

accordance with all applicable requirements.

The contaminated ion exchange column will be packaged and shipped to the

Hanford Site Waste Management Contractor for disposal as a radioactive mixed

waste. The container used in the evaporation unit may contain radioactive

mixed waste in a solid form. When the container becomes too full of sludge to

operate efficiently in the evaporation unit, the container will be removed,

sealed and shipped to the Hanford Site Waste Management Contractor for proper

disposal.

Because the volume of exhaust air from the evaporation unit is expected to be

small, the carbon and HEPA filters will not require frequent replacement.

Personnel from the Hanford Environmental Health Foundation (HEHF) conduct

periodic inspections of the filter systems. These personnel will indicate
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when the filters need to be replaced. When they do need replacement, the

carbon and HEPA filters will be removed -and contained for disposal as

radioactive mixed wastes.

The 1706-KE Waste Treatment System is contained completely on the -27 foot

level of the 1706-KE Building. All wastes to be treated in the system are

generated in the 1706-KE Building.

The waste accumulation tank, the ion exchange column, the evaporation unit,

and the associated piping are set within a secondary containment curb. The

condensate tank and its piping are set within another secondary containment

curb.

The container storage area will also be located on the -27 foot level of the

1706-KE Building, down the hall from the 1706-KE Waste Treatment System. The

containers will be stored on top of plastic stands which will be set in an

aluminum pan. The aluminum pan will serve as a secondary containment device.

The exhaust air will be transported through the filter system via a stainless

steel six-inch tube from the condenser unit. A charcoal filter is housed in a

vertical canister just downstream of the condensate collection tank. Air

exhausted from the system will first pass through this canister, followed by

passage through the HEPA filter system.

The air exhaust system is comprised of a stainless steel containment with a

charcoal filter to collect any hazardous vapors followed by a HEPA filter

system designed to entrap any particulates. Exhausted air is pulled via an

exhaust fan located downstream of the filters. The exhausted air is

discharged to the atmosphere via a small stack. A continuous radiation

monitor monitors the discharged air for signs of radioactive breakthrough of

the HEPA filter system.
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The 1706-KE Waste Treatment System is used to treat a volume of liquid

radioactive and radioactive mixed waste. The effluent from the treatment

system will be a non-regulated solid waste. By-products of the treatment

process will include contaminated ion exchange column resins, filters, and *a

sludge in the evaporation unit container.

D-1 CONTAINERS

Radioactive and radioactive mixed wastes are stored in small containers prior
to their addition to the 1706-KE Waste Treatment System. These containers are

used for the accumulation of up to 55 gallons of radioactive mixed waste and

radioactive wastes. The containers are stored in a satellite accumulation

area which meets the requirements of WAC 173-303-200, at or near the point of

generation of the wastes. The requirements for a satellite accumulation area

are described in the memorandum in Appendix D-1.

The effluent (condensate) from the 1706-KE waste treatment process will also
be stored in containers. The waste in the condensate collection tank will be

collected in 55-gallon DOT 17H specification containers. These containers

will be transferred to the container storage area in the 1706-KE Building for

storage until their contents have been declared nonhazardous and

nonradioactive and can be properly disposed of as non-regulated wastes.

The container storage area will be located on the same level as the 1706-KE

Waste Treatment System, in a room adjacent to the waste treatment system. The

containers will be placed on plastic stands which set in an aluminum pan. The

aluminum pan will constitute the secondary containment for the containers as

required by WAC 173-303-630(7).

D-la Containment System

The containment system for the containers holding effluent from the 1706-KE

Waste Treatment System will consist of an aluminum pan made of a welded sheet

of aluminum. The pan will be set on the concrete floor and will be of

sufficient volume to contain either the volume of the largest container in the
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pan,. or ten-percent of the combined volume of all the containers.in the pan,

*whichever is greater. The container storage area secondary containment system

will be designed to meet the requirements of WAC 173-303-630(7)(a) & (b).

D-la(l) Design Parameters

The proposed design of the secondary containment is shown in Figure D-1. The

secondary containment device will be a long rectangular pan made of a sheet of

aluminum metal with welded corners.

The aluminum pan will be designed to hold up to ten 55-gallon containers. The

containers will sit on top of plastic stands. The pan will be placed against

the wall on a concrete floor.

D-la(2) Drainage System

The containers will be placed on plastic stands which are set.on the bottom of

the pan. These plastic stands will allow any potential leakage to drain away

from the bottom of the containers. The plastic stands will be high enough so

that the volume of the largest leak (1 container volume) in the pan will not

come into contact with the other containers.

D-la(3) Capacity

The secondary containment for the container storage area will be large enough

to hold up to 10 containers. The secondary containment system will be large

enough to contain ten percent of the combined volume of all of the 10

containers, or at least 55 gallons without the leaked waste coming into

contact with any of the containers.

D-la(4) Run-On Control

This section is not applicable. The container storage area will be located

completely within the 1706-KE Building and will not come into contact with any

form of precipitation.
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D-la(5) Removal of Accumulated Liquids

The secondary containment system for the container storage area will be

slightly sloped. Therefore, if a leak should occur from one of the containers

the liquid would drain away from the container and toward one corner of the

pan. No containers will be stored in this corner of the pan. The accumulated

liquids could then be removed with the use of a portable pump and/or absorbent

pads.

D-lb Containers Storing Hazardous Wastes That Do Not Contain Free Liquids

This section is not applicable. All of the containers which will be stored in

the container storage area of the 1706-KE Building will contain free liquids.

D-lc Procedures For Managing Ignitable, Reactive, or Incompatible Wastes

No ignitable or reactive wastes are treated in the 1706-KE Waste Treatment

System. Therefore, the effluent from the system, which is stored in the

container storage area, will not contain ignitable or reactive wastes.

Procedural controls will be instituted to ensure that no potentially

incompatible wastes will be treated in the waste treatment system. The

hazardous waste training program for the 1706-KE Waste Treatment System will

provide instruction to system operators concerning the limits and controls on

the types of waste which may be added to the system, and will provide examples

of potentially incompatible wastes. Therefore, the containers containing the

treatment effluent will not contain incompatible materials.

D-2 TANKS

Two tanks are used in the 1706-KE Waste Treatment System. The first tank is a

550 gallon stainless steel tank with a wall thickness of 1/4-inch used for

accumulation of the wastes generated in the 1706-KE Building. This tank is

used to store the wastes until a sufficient quantity of wastes are available
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for treatment. Procedural controls wil-l be instituted to ensure that if the

tank is not full after one year of accumulation, the wastes in the tank will

be treated by the end of that year.

The second tank is a condensate collection tank. This is a 96 gallon tank

which is used to collect the liquid condensate from the evaporation process of

the 1706-KE Waste Treatment System. More information on this tank is provided

in Appendix D-2. The wastes in the tank will be transferred to 55-gallon

containers which will then be transferred to the container storage area.

The design and process information in this section was written to comply with

the requirements of 40 CFR 264, Subpart J, and WAC 173-303-640. The new tank

regulations, promulgated July 14, 1986, had not been adopted by the State of

Washington at the time of this permit application.

D-2a Assessment of Tank Integrity

The specific Part B information requirements for tank systems in

40 CFR 270.16(a) require a written assessment that is reviewed and certified

by an independent, qualified, registered professional engineer to the

integrity and suitability for handling hazardous waste of each tank system as

required under 5264.191.

The tanks used in the 1706-KE Waste Treatment System meet the definition of

existing tank systems under the new tank regulations of July 14, 1986.

40 CFR 264.19(a) states that an assessment of an existing tank system's

integrity must only be done for those tank systems which do not have secondary

containment that meets the regulatory requirements by January 12, 1988.

The waste accumulation tank and the condensate collection tank of the 1706-KE

Waste Treatment System are scheduled to have secondary containment which meets

the regulatory requirements by January 12, 1988. Therefore, no assessment of

the integrity and suitability of these tanks is required.
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If for some reason these tanks do not have acceptable secondary containment in

place by January 12, 1988, then the required assessment of the tank system's

integrity will be performed.

D-2b Design Parameters

Waste Accumulation Tank

The 1706-KE Waste Accumulation Tank is a 550 gallon tank used to contain the

wastes from the 1706-KE Building prior to their treatment. This tank is

4.6 feet high, with a diameter of 4.5 feet. The tank is fabricated of

1/4-inch 304 stainless steel.

The basis for selecting the shell thickness of the 1706-KE waste accumulation

tank will be described in a statement written in accordance with

WAC 173-303-640(2)(a). This statement will be submitted to the Hanford Site

Engineering and Construction Contractor for certification by a professional

engineer. The certified statement will then be submitted to the Washington

Department of Ecology (WDOE) for review and approval of the tank design.

There is one waste inlet line to the accumulation tank. This line is made of

5/8-inch polyethylene tubing. More information on this tubing is provided in

Appendix D-3. The contents of the tank are mixed by the use of an agitator

which is mounted on the top of the tank.

The wastes in the tank are transferred to the ion exchange column by a

positive displacement pump. The wastes are pumped through 1/2-inch stainless

steel tubing attached to the bottom of the tank by a welded pipe connector.

The wastes are pumped from the bottom of the tank to the top, and are then

pumped to the ion exchange column. The wastes are pumped through the ion

exchange unit, and exit the unit near the bottom. The processed waste

solution is then re-circulated back into the waste tank via an inlet at the

top of the tank. Figure D-2 shows the design, piping, and instrumentation of

the waste accumulation tank, and Figure D-3 shows the process flow for the

system.
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Condensate Tank

The condensate collection tank is a 96-gallon 304 stainless steel tank used to

collect the liquid effluent from the evaporation unit of the 1706-KE Waste

Treatment System. The condensate tank is 3.25 feet high, with a diameter of

2.7 feet. The tank is fabricated from 304 stainless steel. More information

on the condensate tank is provided in Appendix D-2.

The basis for selecting the shell thickness of the 1706-KE condensate

collection tank will be described in a statement written in accordance with

WAC 173-303-640(2)(a). This statement will be submitted to the Hanford Site

Engineering and Construction Contractor for certification by a professional

engineer. The certified statement will then be submitted to the Washington

Department of Ecology (WDOE) for review and approval of the tank design.

The vapors from the evaporation process are condensed and then flow into the

condensate collection tank via 1-inch stainless steel tubing. The inlet to

the tank is located near the top of the tank.

The vapors from the evaporation process are pulled through a plastic exhaust

pipe by a blower. The exhaust is passed through first a carbon filter and

then through a HEPA filter system before being released through an exhaust

stack.

The liquids in the condensate collection tank are removed from the tank via a

transfer line located near the bottom of the tank. There is also a sample

line attached to this transfer line. The condensate will be pumped from the

condensate collection tank to 55 gallon storage containers.

Figure D-2 shows the design and piping of the condensate collection tank.

Figure D-3 shows the process flow diagram for this tank.
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D-2c. Control Systems

Waste Accumulation Tank

The waste accumulation tank of the 1706-KE Waste Treatment System will be

equipped with a level sensor device. This level sensor will be mounted

approximately 12-inches from the top of the tank, and will sound an alarm if

the wastes in the tank reach this level.

The accumulation tank is also equipped with an agitator. This agitator is

used to provide mixing of the contents of the tank. The agitator is a

1725 RPM Neptune 1/4 horsepower motor with a 46-inch shaft and a 3-bladed

propeller.

Waste feed to the accumulation tank will be controlled from the waste feed

station in the TF4 Laboratory. The system operator will physically check the

level of wastes in the accumulation tank prior to adding more wastes at the

transfer station. The operator will ensure that the additional wastes will

not overfill the waste accumulation tank. The pump at the waste feed station

will be shut off whenever the tank high level alarm sounds indicating the tank

is full. The waste feed from the tank to the ion exchange column is

controlled by a positive displacement pump. This pump can be manually shut

off to stop the feed of wastes from the tank. There are two valves located on

the outlet of the tank which can be used to control the re-circulating flow of

wastes.

Waste flow from the accumulation tank to the evaporation unit is controlled by

a peristolic pump and a rotometer. More information on this waste feed pump

is provided in Appendix D-4. More information on the rotometer, including

calibration curves, is provided in Appendix D-5. This rotometer will be

calibrated each time the 1706-KE Waste Treatment System is used. No wastes

will be pumped from the accumulation tank to the evaporator until the wastes

have first been re-circulated through the ion exchange column.
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Condensate Collection Tank

Condensed vapors drain into the condensate collection tank from the

evaporation unit via a stainless steel tubing line. The liquids in the

condensate tank will be transferred from the tank via a line near the bottom

of the tank. This line is isolated until the contents of the tank is ready to

be transferred into storage containers.

A liquid high level alarm in the condensate collection tank will be used to

ensure that the level of the contents does not overfill the tank. More

information on this level sensor is provided in Appendix D-6.

D-2d Corrosion Protection

D-2d(l) External Corrosion Protection

This section is not applicable. The two tanks being described in this permit

application are located within a completely enclosed building. Therefore,

none of the components of either tank will be in contact with the soil or

water. Both tanks are set on coated concrete surfaces. These tanks are not

required to have external corrosion protection.

D-2d(2) Internal Corrosion Protection

No wastes which are incompatible with the materials of construction of the

waste accumulation tank or the condensate collection tank will be placed in

those tanks. During the hazardous waste training for the operators of the

1706-KE Waste treatment System, the operators will be given guidance

concerning types of wastes which are potentially incompatible with the tank

interiors. All wastes placed into the waste accumulation tank will be

neutralized to a pH of approximately 7.0 standard units. The interior of the

waste accumulation tank will be inspected yearly to check for signs of

corrosion.
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D-2e Secondary Containment System

Waste Accumulation Tank

The 1706-KE Waste Accumulation Tank will be provided with a secondary

containment system which meets the requirements of 40 CFR 264.193. The

secondary containment for this tank consists of a concrete curb.

This secondary containment system will be coated with a sealant material which

will protect the concrete curb from the waste materials stored in the tank. A

guidance document published by the Portland Cement Association (PCA), included

as Appendix D-7, will be used to select the most appropriate coating material.

The secondary containment system was designed to contain the entire volume of

the 550-gallon waste accumulation tank. This system was built with a slight

slope to facilitate removal of any wastes released from the tank. Figure D-2

shows the design of the secondary containment system for the waste

accumulation tank.

The secondary containment system is located within a completely enclosed

building. Therefore, the containment system was not designed to prevent

run-on or infiltration of precipitation, and does not have an external

moisture barrier to prevent migration of moisture into the secondary

containment system.

All ancillary equipment for the waste accumulation tank will be provided with

secondary containment. The valves, pumps, and waste outlet lines of the tank

are located within the tank's secondary containment system.

The waste inlet piping consists of 5/8-inch polyethylene tubing. This tubing

will be enclosed within larger polyethylene tubing to provide secondary

containment for the waste inlet line. More information on this tubing is

provided in Appendix D-3.
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The leak detection system for the waste accumulation tanks and associated

ancillary piping will consist of visual inspections conducted daily for

releases into the secondary containment system of the tank and the waste inlet

piping. This inspection will be conducted by the Building Manager of the

1706-KE Building or his designated alternate according to procedures described

in Section F of this application. This inspection is designed to detect the

failure of either the primary of secondary containment structure or the

presence of any release of hazardous waste of accumulated liquid in the

secondary containment system within 24 hours. Inspection logs will be used to

document the inspections and any observations made.

Condensate Collection Tank

The 1706-KE Condensate Collection Tank will be provided with a secondary

containment system which meets the requirements of 40 CFR 264.193. The

secondary containment for the condensate collection tank consists of a

concrete curb.

This secondary containment system will be coated with a sealant material which

will protect the concrete berm from the waste materials stored in the

condensate tank. A guidance document published by the Portland Cement

Association (PCA), included as Appendix D-7, will be used to select the most

appropriate coating material.

The secondary containment system was designed to contain the entire volume of

the 96-gallon condensate collection tank. This vault was built with a slight

slope to facilitate removal of any wastes which may be released from the

tank. Figure D-2 shows the design of the secondary containment system for the

condensate collection tank.

The secondary containment system for the condensate collection tank is located

within a completely enclosed building. Therefore, no precipitation or run-on

will be allowed to infiltrate the vault, nor will the vault be in contact with

external moisture. Thus, no controls were designed to prevent contact of the

secondary containment system with liquids from external sources.
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All of the ancillary equipment of the condensate collection tank will be

provided with secondary containment. The valves, pumps and waste inlet and

outlet piping are located within either the secondary containment for the

condensate tank or the secondary containment for the waste accumulation tank.

The leak detection system for the waste accumulation tank and associated

ancillary equipment will consist of visual inspections conducted daily for

releases into the secondary containment systems of the tank and ancillary

equipment. These inspections will be conducted by the building manager of the
1706-KE Building or his designated alternate according to procedures described

in Section F of this application. This leak detection inspection is designed

to detect the failure of either the primary or secondary containment structure

or the release of any hazardous wastes or accumulated liquids in the secondary
containment system within 24 hours. Inspection logs will be used to record

the inspections and any observations made during the inspections.

D-2f Spill Control

Appropriate controls and practices will be used in operating the 1706-KE Waste

Treatment System to prevent overflows from the tank systems or the secondary

containment systems. Spill prevention controls include the level sensors in

both the waste accumulation tank and the condensate collection tank. These

sensors will sound an alarm when the wastes in the tank reach the level of the

sensor. This will help prevent spills due to overfilling of the tanks.

The 1706-KE Waste Accumulation Tank is always kept closed except when it is

necessary to remove the lid to provide maintenance to the system. The 1706-KE

Condensate Collection Tank is also kept closed except during maintenance.

Procedural controls will be instituted which will require that the tank

contents be drained into 55-gallon containers every time the tank is filled.

The secondary containment systems are designed with a slight slope so that any
released wastes will drain to one side of the containment vault. If the daily
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visual inspections detect the presence of liquids in the secondary containment

vault, these liquids will be removed within 24 hours using a portable pump

and/or sorbent pads.

If a leak or spill should occur from either tank system, the requirements of

40 CFR 264.196 concerning response to leaks or spills will be complied with.

The waste inlet lines to the 1706-KE Waste Treatment System will be closed,

and the unit will be removed from service. Any leaked or spilled wastes will

be removed from the secondary containment system within 24-hours, and all

visible releases to the environment will be- removed and properly disposed of.

Any release to the environment from the 1706-KE Waste Treatment System will be

reported to the EPA and WDOE within 24 hours. A report containing the release

monitoring data and describing any response actions taken will be submitted

within 30 days of the release.

If the release is found to be due to a leak from any component of the tank

system, repairs will be made to the tank system as necessary before the tank

is used again. If any major repair activities, as. defined by 40 CFR 264.196(f)

are conducted, these repairs will be certified by a registered professional

engineer.

D-2g Procedures for Managing Ignitable, Reactive, or Incompatible Wastes

The 1706-KE Waste Treatment System is not designed to treat ignitable or

reactive wastes. Procedural controls will be instituted to prevent the

introduction of ignitable or reactive wastes into the system.

The personnel in the 1706-KE Building have been provided with copies of the

40 CFR 264 Appendix V, "Examples of Potentially Incompatible Wastes," list.

This list will be referred to prior to the addition of any new waste to the

waste accumulation tank. In addition, the hazardous waste training, as

described in Section H of this application, will provide the system operators

with information concerning the types of wastes which may be placed into the

1706-KE Waste Treatment System. Therefore, the 1706-KE Waste Treatment System

will not be used to manage incompatible wastes.
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D-3 WASTE PILES

This section is not applicable as DOE-RL does not manage hazardous wastes in

waste piles at the 1706-KE Waste Treatment System.

D-4 SURFACE IMPOUNDMENTS

This section is not applicable as DOE-RL does not manage any hazardous wastes

in surface impoundments at the 1706-KE Waste Treatment System.

D-5 INCINERATORS

This section is not applicable as DOE-RL does not manage any hazardous wastes

using incinerators at the 1706-KE Waste Treatment System.

D-6 LANDFILLS

This section is not applicable as DOE-RL does not manage any hazardous wastes

in landfills at the 1706-KE Waste Treatment System.

D-7 LAND TREATMENT

This section is not applicable as DOE-RL does not manage any hazardous wastes

in land treatment units at the 1706-KE Waste Treatment System.

D-8 CHEMICAL, PHYSICAL, AND BIOLOGICAL TREATMENT UNITS

It is understood that no final facility standards have been promulgated by

either the U.S. Environmental Protection Agency (EPA) or the Washington

Department of Ecology (WDOE) for chemical, physical, and biological treatment

units. However, two of the units in the 1706-KE Waste Treatment System can

best be described as physical or chemical treatment units. Therefore, this

section will describe how the 1706-KE Waste Treatment System will be designed

and operated to meet the interim status standards of 40 CFR 265, Subpart Q,
for Chemical, Physical, and Biological Treatment.
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D-8a Operating Information

The process flow diagram for the 1706-KE Waste Treatment System is shown in

Figure D-3. The waste materials from the 1706-KE Waste Accumulation Tank are

fed into the top of the ion exchange column. The waste stream flows through

the ion exchange column, where the resins remove anions and cations from the

waste. The waste stream exits the ion exchange column near the bottom, and

will be routed back to the waste accumulation tank via Tygon tubing.

This waste will be re-circulated from the accumulation tank to the ion

exchange column. When the ion exchange column is saturated, the waste stream

will be transferred back to the waste accumulation tank. The valves to the

ion exchange column will be closed, and the unit will be removed from service.

The liquids in the waste accumulation tank will then be transferred to the

evaporation unit. The evaporation unit consists of a 30 gallon DOT

specification container with a heating unit which closes around the container.

The wastes in the evaporation container are heated until the liquid portion of

the wastes is flashed into steam. This steam is condensed in the condenser

located adjacent to the evaporation unit and is collected in the condensate
collection tank.

The vapor portion of the steam is collected in an exhaust system. This

exhaust is filtered through first a carbon filter and then a HEPA filter. The

nonhazardous, nonradioactive exhaust is then released to a stack.

The solid portion of the wastes in the evaporation unit will remain in the

30 gallon container. When the container is too full of solid materials for

the evaporation unit to function effectively (about half-full), the container
will be removed from the unit and replaced. The used container will be

removed, sealed and shipped to the Hanford Site Waste Contractor for proper
disposal as a radioactive mixed waste.
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The spent ion exchange column will be removed and shipped to the waste

management contractor for proper disposal. A new resin column will then be

placed into the system.

None of the wastes which will be treated in either the ion exchange column or

the evaporation unit will cause the equipment to rupture, leak, corrode, or

otherwise fail before the end of its intended life. The log sheets being used

at the points of generation of the wastes will provide an analysis of the

characteristics of the overall waste stream.

Both the ion exchange column and the ion exchange unit will be provided with a

means to cut off the flow of the wastes into the treatment unit. These waste

influent cut-offs will be manually operated valves. More information on these

valves is provided in Appendix 0-8.

The 1706-KE Waste Treatment will be inspected each working day according to

procedures prescribed in Section F of this application. The ion exchange

column and the evaporation unit will be inspected to detect corrosion,

leakage, or disrepair of the units. The monitoring and safety systems

associated with these units will also be inspected each working day.

D-8b Design Information

D-8b(l) Ion Exchange Column

The ion exchange column of the 1706-KE Waste Treatment System is a 5 cubic

foot column containing mixed-bed resin. The ion exchange column is

approximately 5 feet high, with a diameter of approximately 1 foot. The waste

inlet and outlet lines to the ion exchange column are 1/2-inch stainless steel

tubing. There are screens on the inlet and outlet of the ion exchange unit to

prevent the resin from leaving the unit. More information on the ion exchange

column is provided in Appendix D-9.
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D-8b(2) Evaporation Unit

The evaporation unit of the 1706-KE Waste Treatment System was provided by

Pacific Nuclear Systems, Inc. Documentation on specific components of this

system is provided in the Appendices of this section.

The evaporation unit consists of a 30-gallon DOT 17H specification container

with wrap-around heaters. The heaters are mica insulated band heaters. More

information on these heaters is provided in Appendix D-10. The heater is used

to heat the liquid wastes to approximately 1000 C. The vapors are collected

from the container, and transferred to the condenser.

The evaporation unit is also equipped with a pressure sensor. More

information on this pressure sensor is included in Appendix D-ll.

Input from various control devices on the evaporation unit and condenser of

the 1706-KE Waste Treatment System is registered on the system control panel.

A drawing of this panel is shown in Figure D-4. More information on this

control panel is given in Appendix D-12.

D-8b(3) Condensor

The condenser used in the 1706-KE Waste Treatment System is a Young Heat

Exchanger. This unit was also provided by Pacific Nuclear Systems, Inc.

The condenser unit is a Young Fixed Tube Bundle Heat Exchanger. More

information is provided on the condenser in Appendix D-13.

D-8b(4) Exhaust System

Exhaust air from the condenser will be pulled through the exhaust system with

a blower. The air will be pulled through a 6-inch stainless steel tube to a
charcoal filter. This filter is housed in a vertical canister located

downstream of the condensate collection tank. This filter will be used to

collect any gaseous pollutants.
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The exhaust from the carbon filter is then.pulled through a HEPA filter system

to remove the particulates. A demister is located in the exhaust system just

upstream of the HEPA filters. More information on the HEPA filters and the

demister is provided in Appendices D-14 and D-15, respectively.

The exhausted air is then discharged to the atmosphere via a small stack. A

continuous radiation monitor monitors the discharge air for radioactive

breakthrough of the HEPA filter system.

D-8c Procedures for Managing Ignitable, Reactive, or Incompatible Wastes

No ignitable or reactive wastes will be treated in the 1706-KE Waste Treatment

System. Procedural controls will be instituted to prevent the addition of

ignitable or reactive wastes to the waste accumulation tank.

Personnel in the 1706-KE Building have been provided with the 40 CFR 264,

Appendix V, list of "Examples of Potentially Incompatible Wastes." Before

adding any new wastes to the waste accumulation tank, this list will be

consulted to prevent the addition of incompatible wastes to the tank. Before

adding any wastes to the system which have not previously been added to the

system, the operators will obtain the approval of the 1706-KE Building

manager. In addition, during the hazardous waste training session for the

operators of the 1706-KE Waste Treatment System the operators will be given

more specific information concerning the limits and controls on the types of

wastes which may be placed into the system. This training is described in

Section H of this permit application.

WP #9151A
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APPENDIX D-1

SATELLITE ACCUMULATION AREA REQUIREMENTS
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Requirements for Waste Accumulation in Satellite Storage Areas

L Definition.

A satellite accumulation area is an area that is at or near the point of.
waste generation and under the control of the organization generating the
waste.

Waste accumulation records.

A log must be maintained for each discharge into the individual containers
within the satellite accumulation area. The log must provide the
following information:

a. Date of each addition to a container.
b. Description of the composition and concentration of each waste added

to a container (e.g., 10% HNO3 and 90% H20). Trade names may be
used.

c. Volume of each waste added to a container.
d. Signature orinitialsofthepersonmakingeachwasteaddition.

General container requirements.

The accumulation containers must be:

a. Compatible with the waste to be added.
b. In good condition (e.g., free from severe rusting or obvious

structural defects).

General operating requirements.

a. Satellite accumulation containers must be stored in properly
identified areas. This identification shall consist of a sign which
reads as follows: "Satellite Accumulation Area-Containers stored in
this area must comply with the requirements of WAC 173-303-200. For
more information, contacttheEnvironmental Protectiongroup."

b. Containers must be kept closed except when adding or removing waste.
(Vent clips may be necessary for containers holding volatile
materials.)

c. If a container begins to leak, the waste must be immediately
transferred to a container that is in good condition.

d. Any leakage must be reported as soon as possible to the Environmental
Safety section.
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Accumulation limits.

Waste may be accumulated in a satellite area until:

a. Thetotal volume of waste in the areaexceeds55 gallonsor,
b. 90 days from the first addition of waste into a container if the

total volume does not exceed 55 gallons before that time.

(Note: For accumulation of materials deemed "acutely hazardous," the
maximum accumulation allowed is one quart.)

Labelling.

Each container in the accumulation area which holds a hazardous material
must be identified as "Dangerous Waste" or "Hazardous Waste." The label
must also identify the major risk(s) associated with the waste (toxic,
ignitable, reactive, corrosive, or oxidizer). If a waste exhibiting a
different risk is added later, the drum label should be revised
accordingly or a new label should be provided.

Within UNC, the yellow waste accumulation label is used on waste
containers. Unfortunately, the label is often incorrectly marked when
designating the "type of waste" and the associated "major risk". In order
to help correct this situation, Ms. L.A. Garner of the Environmental
Protection organization will provide a review of the waste accumulation
logs on a monthly basis. Ms. Garner will then determine the correct label
marking. Hopefully, after a few months of waste review, lists will be
developed identifyingthecorrectmarkingforspecificwastes.

When labelling a drum in a satellite accumulation area, the date should
not be written on the label until the accumulation limit (either 90 days
or 55 gallons) is reached. (For non-satellite areas, the container should
be dated immediately upon generation of the waste.)

Container removal.

Within 3 days afte exceeding the accumulation limit, the date must be
written on the container label and the waste must be transferred into a 90
day container storage area. The waste must be transported to a permitted
facility within 90 days after this transfer takes place.
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Once each week, the containers in the satellite area must be inspected for
leakage and deterioration. This inspection must be documented in a record
which includes the following information:

a. The date of the inspection.
b. The name and signature of the inspector.
c. Observations of any leaks or container deterioration.
d. Corrective actions taken (if any).

A standard form has been developed to document the required inspection.
This form is available fromtheEnvironmental Protectiongroup.

A copy of the each weekly inspection record is to be sent to Ms. L.A.
Garner (1145N/100N).

Special requirements for ignitable or reactive wastes.

Ignitable or reactive wastes must be stored in accordance with the Uniform
Fire Code (UFC). If there are no specific requirements in the UFC or in
state or local codes, the "Flammable and Combustible Liquids Code" is to
be used. Records of an annual inspection for compliance with the
applicable codes must be maintained.

Questions regarding specific fire code requirements should be addressed to
the Occupational Safety section. Ms. Garner will assist in determining
whether or not a waste is considered ignitable or reactive.

LDQ Special requirements for incompatible wastes.

Rules regarding incompatible wastes are as follows:

a. Incompatible wastes must not be placed in the same accumulation
container unless special precautions are taken to insure such mixing
can be done safely.

b. Waste must not be placed in a container which previously held an
incompatiblematerial unlessthecontainerhasbeencleaned.

c. Accumulation containers holding incompatible wastes must be kept
separated by meansof a dike, berm, wall, orother device.

If there are any questions as to whether or not specific wastes are
incompatible, appropriate personnel must be consulted before mixing or
commingling.
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APPENDIX D-2

CONDENSATE COLLECTION TANK DESIGN
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-Series EUT

STANDARD FEATURES

Type 304 stainless steel with 2B
mill finish.
15* cone bottom (with drain fitting
included in price).
Sanitary radius corners. All welds plan-
ished, passivated & leak tested.
Stainless steel mixer pad.
2" pipe legs in stainless steel hip
sockets. (Beam legs on tanks over
3,000 gal.)
Heavy gauge construction.
STOCKED FOR QUICK DELIVERY:
18- 1,000 gallon sizes

SPECIFICATIONS

Material of construction: Type 304 stainless steel.
Capacity: 18 to 5,000 gal.
Finish: 2B mill finish. All internal welds ground

flush & buffed to 80 grit emery & wire-
brushed exterior welds.

Diameter:
Depth:
Approx. net weigh
Legs:

Outlet:

18"to 1I"
18" to 120"
see chart on p. I1
2" carbon steel pipe with corrosion-resis-
tant coating & adjustable bullet feet. 6"
steel beam legs on EVT-3500 thru EVT-
5000. See chart on p. 11 for number of
legs on tank.
Female threaded half coupling. See
chart p. 11 for size. Allowance is made
for 12" clearance from drain fitting to
r loor. .-

OPTIONS

-R I

(allow for additional delivery time)
Tanks are available in T-316 stainless steel at extra cost.
Also available: extra fittings; 1, 2 & 3-pc. covers in stain-
less steel & poly: mixer bracket & channels: slot in cover
for mixer- liquid level gauge & sight glass: casters; push
bars; closed head with manway fiberglass insulation with
stainless steel shroud; baffles; stainless steel legs;
stainless steel and carbon steel floor flanges; baffles;
thru-floor brackets; electric clamp-on heaters with ther-
mostatic control. (For covers, fittings & accessories, see
p. 36-40.)
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Seiries VT & Series IE'VJ

Width
Model U.S. Sir. Cone Ga. Ga. Draint # Top Approx.

# Gal. ID Side Depth OAH Side Bottom Size Legs Flange Wt.

18

30

38

55

80

100

125

150

200

260

300

400

480

500

575

700

800

1000

1500

2000

2500

3000

3500

4000

5000

19

32

42

63

96

115

134

180

232

286

327

425

500

550

625

750

850

1152

1683

2058

2622

3149

3903

4416

5246

18"

18~"

223'"

223-4

301"

30%/"

30z"

38"

38"

45.

45"

52"

56"

52"

56"

56"

60"

69"

83"

83"

83'

96"

96~

102'

111"

17"

29"

23"

35"

29'

35"

41"

343/"

46%"

401/2"

46 "z

461,"

461/"

58 "/

581/2"

70/2"

70"

70"

70"

84"

108"

96"

120"

120"

120"

2 3/a"2%"

3"

3"

4'/i6"

4'/16"

4'/16"

51/16'.

6"

6"

615/1 a"

7 "

615/1"

812 "

93/16"

111/8

12N~

131/16

177/&"

33'

45-

40"

52"

47"

53"

59"

54"

66-

61'

67"

68"

69'

79"

80"

92"

93"

93"

95",

108"

132"

122"

146"

147"

148"

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

14

14

14

14

14

14

14

12

12

12

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

14

14

12

12

12

12

12

12

10

10

1"/

1"

1/2

1/2

1"

1"

1"

1/"

12

1 "

1"

1"

1"

2"

2"

2"

2"

3"

3"

3"

1"

1"

'1"

1"

1"

1"

1"

1 1/4-

11/4 "1 "

1 "

1 '1 "

1 "
12"

12"

12"

12"

12"

2"

2"

2"

2"

2"

2'*

2"

2~

45

50

57

70

85

105

115

125

160

175

194

242

252

284

307

430

455

735

926

1028

1232

1435

1650

1816

2012

"6" beam legs
tStandard on EVT Tanks only.
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APPENDIX D-3

POLYETHYLENE TUBING SPECIFICATIONS

1706-KE
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Tygon3 (R 3603) plastic tubing is a soft, flexible clear
tubing that slips over tubulatures easily, grips tightly and bends
readily to sharp-radius curves to speed and simplify set-ups. Pro-
vides long life because it doesn't oxidize. Temp range: +10* to
180*F (-12' to +82C). Discount: Per 100 feet of one size, less
20%.

Vinyl tubing is tough, flexible. Polyvinyl tubing has excellent
clarity, is odorless and non-toxic. Good water, chemical and abra-
sion resistance. Dimensional stability. Temp range: -49* to
+180*F (-45* to +82C). Discount: 100 to 249 feet, less 15%; 250
to 450 feet, less 20% (in 50-ft lengths).

Silicone tubing is odorless, translucent. Features low com-
pression set, good resilience, moderate solvent resistance, excellent
heat resistance, good release characteristics. Temp range: -80* to
+500*F (-62' to +2601C). Do not use with most concentrated
solvents, oils, acids and dilute sodium hydroxide. Discount: 50-ft
lengths, less 1011

Polyethylene tubing is white, flexible, translucent. Unaf-

fected by many chemicals. Excellent electrical insulator. Low
water-vapor permeability, high 02 and CO 2 permeability. Flexible
at low temperatures. Max temp: +176F (+80'C). Discount: 250
feet or more, less 20%.

Polypropylene tubing is clear and more rigid than poly-
ethylene tubing. Exceptional flex life. High chemical, stress and
puncture resistance. Max temp: +275"F (+1351C). Discount: 100
feet or more, less 20%.

Gum rubber tubing is seamless, tack free. Latex tubing can
be repeatedly sterilized. Temp range: -22* to +302F (-30' to
+1501C). Discount: 250 feet or more, less 20%.

Bev-a-line IV tubing meets FDA, USDA, National Formu-
lary and USP standards for high purity systems. Saves up to 50%
over TFE tubing. Temp range: -60* to +160*F (-51' to +71C).
Needs no connector fittings: heat and stretch tubing, cut at narrow
point, mate ends, reheat for permanent bond. Sterilize with ethyl-
ene oxide. Unaffected by prolonged alcohol contact. Discount: Per
100 feet or more of one size, less 10%.

Dimensions (in.) Tygon Vinyl Silicone Polyeth lene Polypropylene
Cat. Price/ Cat. Price/ Cat. Price, Cat. Price/ Cat. Pri:D j00 Wall no. 50 t no. 50 ft no. 10 ft j no. 50 ft no. so1/50 1/12 1/321/32 1/12 1/24[ - K-6411-59 $ 5.50 - .1/32 1/18 1/64 --

1/32 3/32 1/32 K-6408-60 S 3.50 - -441-60 6.50 - -- -

_y640 -02_K-641-67 .50 K-7-2 5 K-4 -2

1/16 18 1/32 K-6408-62 6.50 --6405-01 S 3.50 K-6411-62 7.08 - --1/16 3/16 1/16 K-6408-46 12.00 K--4 - 1- - - 4

1/2 1/ /64 --

3/32 1/8 1/32- K-6400-16 S23/132 5/132 1/32 __-6408-63 7.50 K-6411-63 6.50 - - - 2 -8 3/16 1/32 K6408-64 7.00 - . K-6411-64 7.50 -1/8 1/4 1/16 K-6408-47 20.00 K-6405-02 4.50 1 9.60 K-6407-02 S .0 1K-6400-2818 3/8 1/8 K 4408-71 48.50 - K-6411-68 14.009/64 3/16 1/40 - - -
5/132 7/32 1/32 K-4408-65 9.00 - <100-45 14

6 -6 8 3 0 1 K-611765 12.70 K6 -8 70 -40

5/32 1/4 3/64 - ---------

31 1/4 1/32 K-6408-66 11.50 - K-6411-66 11.50 - - -6400-313/ 516 1/16 K-6408-03 32.00 K-6405-03 5.50 K-6411-03 12.50 K-6407-03 4.50 K-6400-32 43/16 7/16 1/8 K-6408-48 60.00 K-6405-04 13.50 K-6411-69 17.30 - -3/16 9/16 31/16 _K-413-l' 90.00 - 12.-- -7/32 5/16 364 - -
1/4 5/16 1/32 K-6408-49 5.0 K-1411-70 8.40 1 K-6400-351/4 3/8 1/16 1<4408-SO 38.00 K-6405-06 7.00 K-6411-71 27.30 K-6407-06 7.00 K-6400-36 .5.1/4 7/16 3/32 K-4408-72 41.00 K-6405-07 11.50 K-6411-72 17.40 -14 1/2 1/8 K-6408-51 69.00 140-8 6.00 K-6411-74 23.30 ----1/4 5/8 3/16 K-6413-20' 100.00 - -------

19/64 3/8 1/25 
K-6400-41 145/16 3/8 /32 - -.5/16 716 1/16 K-6408-52 41.50 K-6405-29 8.00 K-6411-72 14.70 K-6407-08 7 005/16 1/2 3/32 ___40853 60.00 K-6405-10 13.50 K-6411-76 19.60 -.

5/16 9/16 18 K<408-54 72.50 K-6405-11 37.50 K-6411-77 25.10 - 7 51318 7116 1/32 -- - - - r13/8 1/2 1/16 K-6408-12 40.00 K-6405-12 9.50 K-6411-12 21.00 K-6407-12 8.00 K-6400-62 243T8_ 9/16 3132 K-6408-55 62.50 K-640-515 15.50 ' 411-78 21.80 - --3/8 5/8 1/8 K-6408-56 88.00 K-4405-16 2.0 . '1-9 270 ---7/8 1/4 K-6413-30- 181.00
2/5 112 1/20---- 

-----7/16 1/2 1/32 - ---------

-16 9/16 1/16 K-6408-15 46.00 K-6405-17 12.00 ..- -
1/2 9/16 1/32 - C - E . C - r - n1/2 5/8 1/16 K-6408-1 8 48.00 K-6405.18 12.53 K-641 1.80 19.30 K-6407-18 10.00 K-6400-701/2 11/16 3/32 K-6408-57 79.00 K-6405-19 19.00 K-6411-19 29.50 - --T/2 / / -6408-74 93.00 1<4405-20 26.50 K-6411-81 35.301/2 1 Y 5/16 K-6413-40* 272.50 - -- I -9/16 5/8 1/32 - ---- 1____ _____9/16 -3/4 3/32 - - ------5/8 13/16 3/32 K<-6408-25 78.50 1<4405-25 23.50 1<6411-82 32.90 K-6407-25 15.00 -5/8 718 1.8 K-6408-58 125.00 K-6405-27 32.50 K-6411-84 50.00 ---374- 1 1/8 K-6408-31 118.50 K-6405-31 38.00 K<-6411-83 50.00 K-6407-31 275-1 1 1/8 K-4408-36 148.50 K-6405-36 49.00 -- 7-640-7-35-AJD'1 1 - 3/16 K<-6408-59 276.50 K-4405-37 C7.0.

11/ 14 3/16 -- K-6405.39 91.00 -----1 / 1 VA 1/4 K-61<405-46 122.00 - ----

'Suitable for vacuum use. Tygon--.1eg TM Norton Co. Teflorn-eg TM E. 1. DuPont de Neniours & Co. *e--~o4e MTe~pa~ cientifics. Inc.

High-quality tubing for all your fluk

.4
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Polyethylene and Nylon
BLACK POLYETHYLENE: High-density, high-molecular weight. linear polyethylene. Excellent chemical compatibility, low cost. high-impact resistance at lower
temperatures.
WHITE NYLON: Pure. virgin, natural Nylon resin. specifically formulated for toughness. and resistance to physical stress and abrasion.
WORKING PRESSURES:
PAR-BARB fittings are generally used in systems where pressures do not exceed 125 PSI. When used in excess of 125 PSI. PAR-BAR8 fittings, in all sizes. should be
tested by the customer in his particular application. Operating pressures of PAR-BARB fittings are governed by amoient and fluid temperatures, type t fluid conveyed.
hose or tubing used. clamping mechanism employed. and conditions of mecnanical aouse.

TEMPERATURE RANGE:
Black Polyethylene: - 65* to +190*F

While Nylon: - 40* to + 200*F.

ose Thread (3/4 in.)
Nose Thread (3/4 in.)

il Pipe Thread

\RB

h Price. ea.
7 .31

31
35

-*3

;-Price, ea.

T/reaT -. Pie a

_.- 3

-L -7

Thread Price. 037
A FGHT 39 -4

%, FPT s42 .
'tFPT - 46

FPT 57

ThrMd Price. .
SMT ., 7-.55 ..

REDUCER UNION CONNECTOR
stack Tubing or hose

High Density Inside Diameter
Linear Polysthylene Side 1 Side 2 . Prce

Part No. - (in) each
15400 .1/4 x 3/16 .24 1

- ~- 1549 3/8 x 1/4- .24
15427 1/2 x 1/4 .25
15435 1/2 x 3/8 .28
15447 X- /8x3/8 21
15450 - 58 x 1/2 - .29

UNION CONNECTOR
* Black Q.Tubing or Hs

High Density Inside Diametar
Lnear Polyehylne . Seoth Ends r Price
r art No. . .--diie * each

.15803 -- ;3/16 x 3/16 25
805 ,/4 x 1/4 -

-Z15807 _5/16 x 5/16 3
-1509 -3/8 x 3/8 31

-.:158 "'.4' /2 x 1/2 - .32
15813 3 3 8x 5/8 - .2 --

MALE ELBOW

7 Black Tubing or Male Pie
High Density n ... Thread-

Linar snsd MPT -

Pfloulylotns .4,011at _ e (in Prc.
part N . - (n) *ach

*J-15140 i- 3/16 -4 /8 40
- t1544 '3/16 14 .42

15157 - 1/4 1/8 .42
- :510 4/4- 1/4 -4

"15 153 T-2/4 /a .4 9
-s :557 14 -. /2 .5

- 15160 /4 3/4 51
15182 s /8 "/8 40

i 5165 3/8 -'1/4 - 42r15 170 - /5'3/j;.- -47
S'15173 -. 3/8 1/2 .51

15176 3/8 3/4 - .56
IS 1/2 /4 42
1 1/2 3/8 47

-15183 1/2 1/2 51
151D7 1/2 3/4 56

-15189 5/8 %,.3/8 51
15192 / 1/2 53
15195 - /1 3/4 .61

S15198 3/4 1/2 .56

ELBOW UNION
~fJ'9Iach - "Tb~go

SHigh Density : a'Knt 1..f,
P Virylene Inside Olanstu Pnics

his Me. - . (1a 4"c.'.1 ach
)/4 x 114 40 7v5608 3/8 x 318 40

15612 t,,,/2 x 3/4 -2 4 .6
$616 k/2 x 3/8 41 -

15620 - 2 . 1/2 --
15624 L5/o 5/8 .-. 45

TEE UN ON
~Btack .

High Density
Linear Tubing or Hess

i PNlyethylene Inside Diameter - Price
Part Number (in) each
15207 1/8 x 1/8 X 1/8 .40
15214 3/16 x 3/16 x 3/16 .40
15221 1/4 x 1/4 x 1/4 .40
15228 5/16 x 5/16 x 5/16 .42
15235 . 3/8 x 3/8 x 1/4 .42
15239 3/6 x 3/a x 3/8 .42
15246 - 3/8 x 3/8 x 1/2 .42

J.15253 - 1/2 x 1/2 x V/8 ,42
15259 2 1/2n 1/2x 1/2 -47
1526 - 5/8 x 5/8 x 5/8

MALE BRANCH TEE
Stack.........- Mail Pips-

High Density Tubing/Mass Slz
Linear Inside Dia. . MPT

Iyethyn n) . () Pric
Part No . each
-15511 3/16 x 3/16 .1/8 42
.15513 3/16 x 3/16 1/4 42

15517 1/4 x 1/4 1/8 .4
15521 1/4 x 1/4 1/4 .43
15524 1/4 x 1/4 3/8 .45
15530 3/8 x 3/a 1/4 45
15536 3/8 x 3/ 3/8 " .* 47
1551 2/8 3 3/8 1/2 . 49

i15541 1/2 x 1/2 - 1/4 -- 7.45
-15546 . 1/2 x 1/2 3/8 .47

15555 1/2 x 1/2 1/2 .52

HEX HEAD PIPE PLUG
Slack Mald - -

High Pipe
Density Thread
Unear Size overal He Size
Paty- MPT Lgth (in) (in)

ethylene (In) a. Price,
Pairt No. -each

115660 1/8 5/8 7/16 .19
15666 1/4 23/32 9/16 .20
15672 3/8 23/32 11/16 .20
15678 1/2 .27/32 7/8 .24

.15682 3/4 27/32 1/8 .36

\-

HEX HEAD PIPE PLUG
-. Mile

Whte Thread * -
mylon Size Overal Ken Stae Price

Part No. MPT(in) Lgth (in) Jie) each
15720 -1/8 -5/8 7/15 .21
15724 1/4 p23/32 9/1 21
15727 31/8 23/32 11/16 2124
15729 -1/2 27/32 - 7/ : .t.28

5730 3/4 27/32 1-1/8 .32

MALE CONNECTOR (adapter) MC8
"B-ack Tubing or Mate Pipe
High Density 'Has* Thread

Linter - Inside MPT
Pnlyethytens Diamelar (in) Pode,

Port No. (Ia) -a -ch

-.1500 1 . '3/16 1/8 - 23
- X150O3 -. ~. 3/16 - 1/2

15009 45 /16 - 1/2 .10
-'15017 e- 1/4 1/8 29

5 1/4 1 /4 - '8
15019 1/ 3/4 24
15023 1/4 1/ 29
L 5015 /4 - 1/4 18
15017 S/ 16 -18 1
15029 ... /1 .'. 24
15021 /6 .3/ 24

- 150231' 3/8 "--318 -
-15025 / 1/4 -18

15027 ' 3/8 24

so 1/2

S:529 3/8. / 9
-1 33 1/2 /.24

l-1;5037 /2 -- /2- 35
G09 /2 34 39

15043 5/8 1 2 42
S 15045 5/8 +3/4 4

NIPPLE & NIPPLE REDUCER
jBlack - Pipe Pipe -i .
Linear Thread Thread overall He
POYt Stle (in) Size (in) Length Sloe

,thylent Side 1 51de 2 (L ) (in) Price
arl He. -- each

15339 1/8 1/8 1 /16 .21
- 15343 -1/4 1/8 1-1/8 9/16 24

15347 11/4 /4 TI/4 9/16 .24
.15351 . 3/8 1/- 1/8 11/16 .24
15355 3/8 1/4 1/4 11/16 .24
15360 -.. 3/8 3/: ."-1/4 -'11/ 16 -727

'15366 1/2 1/8 1-1/4' 7/8 .. 815371 1/2 1/4 1-3/8 . 1 2815375 1/2 3/9 :1-3/P 7/8 . 2D
_15382 1/2 i 2 1-1,. 7/8 '.32
15386 3/4 3/8 1-3/8 1-1/8 .30

H5391 3/4 1/2 1:1/2 1-1/8 32
15397. 3/4 3/4 1-1/2 1-1/ .40

MALE CONNECTOR (adapter) MCI

T oeMale Pipe '

W.roadte

--ort l 1e. .(e) (In each

15941 Z. /4 1/4 36

t 1 94 4 - 1 .-;14 43/8 -.1'/4 Z.3

Mj59O './8 3/ 416/

It-,5960 ; .t! 34 e-Sn8

'1]
*:1

8]
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Our full selection of drives starts on page
430. Be sure to see our new Unified /2

-I Variable-speed drive with precise
micrometer dial speed control
on page 431.

Masterflex accessories are on
page 440.

Masterilex. Cuic Load-Reg TM
CoeParmr instrument company
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Instructions for ordering Masterflex3 tubing
pump systems are on page 428.

The unique Masterflex pumping system
consists of three components: interchange-
able patented pump heads. precisely extruded
tubing. and a selection of drives.

The Masterflex system is designed for rela-
tively low-flow low-pressure pumping of hiq-
uids. gases and slurries. Flow rates range from
0.03m1/min up to 2 gpm. Maximum head
pressure is 25 psi continuous, 40 psi intermit-
tent. Masrerflex pumps will pull a 24" Hg
vacuum.

Great flexibility is the hallmark of Masterflex
pumps. Select Standard pump heads for the
widest range of flow rates. Quick Load, heads
let you change tubing quickly in applications
that require frequent changes to maintain fluid
integrity. Pump heads may be added tang-
in-groove for multi-channel pumping from
one drive.

Five tubing formulations are offered to as-
sure compatibility with your fluids. See page
442 for chemical capatibility chart.
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Standard u sm n heads
StCan.nrd urnr heads S ecficatlons for Standard headsCat. no. Rotor and Pie CL~ oo nbearingsan Flow rate: Maximum head oressure Max.K-7013-20 Cold-olledonnnuous Inxermiten, Vacuum

SK7014-20 Cold-rolled steel S52.50 K-7014-21 Staness stee s98. O 0.06m 1 20os- 35 ps 24- Ho.K-7 16-2' cs.50 K-701 - i S n es se 9850 Of m 0 s 35 ios 24* Ho-: -- ( 7015-20 Cold-rolled steel 52.50 K-70----1 Stai-2ess steel 98.05 osi 40i 24 HA-7017-20 -CI-roiled steel 52.50 K-7017-21 Stainless steel 98.50 2.S0ml - 20 osi osi 24' Ha
.Cl s50 K-708-21 Stainess Stee 98.0 3.80ml 20 Dx 35 is

A5TER1EX pump hea
Standard pump heads
Unique, patented design for precision
Single- or multi-channel pumping.

he Standard Masterflex pump head represents
a major innovation in the special field of rotarypenstaltic pumping. As the pivotal component inthe Masterflex tubing pump system. the Standardhead combines extraordinary specficity of flowrate with wide-ranging flexibility across the entire

spectnJm of low-pressure. low-flow pumpingrequirements.
The heads are molded of durable. clear Lexana

polycarbonate and feature a patented cavity toaccommodate close-tolerance Masterflex tubing.Polyphenyiene sulfide heads may be specal-
ordered for handling solvents. Rotors can be or-dered in cold-rolled steel or chemical-resistantstainless steel.

Quick Load® pump heads
Masterflex precision and quality in a
convenient head ... when you need
frequent tubing changes.

The Masterflex Quick Load pump head addsthe convenience of simplified tubing installa-don to the features and benefits offered by theStandard head. It is particularly valuable in appli-cations requiring numerous tubing changes overa relatively short period of time. to prevent cross-contamination.
Built to the same rigorous specifications asStandard heads. the Quick Load housing ismolded of clear Lexana polycarbonate and therotor assembly and two sets of sealed ball bear-

ings are stainless steel.
The K-7020-20 Quick Load accommodates one

tubing size, while the K-7020-40 is a triple tubing
size head that accommodates 3 different sizes ofMasterflex tubing -one size at a time. The flow
range for the Quick Load single size is identical tothe Standard K-7015-series. The triple tubing sizedelivers flow ranges identical to the K-7013-,

K-704- and K-70 16-series. See table below forflow specifications that best Suit your needs.
Unlike the Standard heads above Quick Load

heads cannot be attached in tandem. They can beused. however. as an end unit in a multi-channelsenes of Standard heads. See page 428 formounting hardware.
Tubing installation is simplified with QuickLoad. Just loosen two retaining nuts and swingout the cover halves. Place tubing around therotor assembly, swing in the cover halves and

tighten nuts to secure. See page 441 for illustratedloading directions.

Protected by Patent numbers:
4,179.249 4.138,205 4,231r725

Oulc Load-Reg TM cle-Parmer Inssrment Co.
Masterflme- eqnsMmenl cP.

OuOck Load Pumo heads amet intrment co.

Cat. n o. S eCifl c lons for C ulck Load h eadsSize Price Flow raxe: Maximum head oressureo. .. .. S em /revolubon* M ax.
K-7020-4 Triple size .Al 2on nuous I ntermittent vacuum

laccommodaes one size 181 S12S.00 0.06ml 20 psi 35 Dsi 24* Hruoing at time) (C) s .0.21mi 20 Di 35 osi 24" Ho-. M 2Q -- - si 35 lost 24' HC
S125.00 1.67m l 2 os i 40 Dsi 24 .Ho

*Flow rates for all Masterflex heads can b 
-ton ~ ~ ~ ~ ~ a byrnigsedeftedie con- jxyields ahewt flow rate of o MI//nVerted to relf/min by multiplying flow per revolu- ion used Wi th a f w r ve at .06 0 revolU-

mion by running speed of the drive: ixed speed drive at 600 rpm
mI/rev x rpim = ml/mln ..- yields a flow rate of 36mlmin.

4/24/87, Rev. 0 '

ds

Standard heads give you the benefit of attach-
Ing up to 4 heads in tandem for multi-channe
pumping. If your operation requires more thanone head. see page 428 for specially-designed
mounting hardware. (For driving 5 to 10 separate
pump heads. see drives on page 433.)These heads provide a broad range of flows
from 0.06 to 228 0mi/min-- for precision dispens-
ing as well as bulk pumping. One rotor revolution
of the head yields a fixed amount of fluid pro-
pormonal to tubing size. Flow rates accurate to
one-rnousandth of a mil/min can be determined
from rpm information. (Special heads and drives
that provide lower or greater flow rates are listedlater in this publication.)

To select tre Standard head that best meets
your needs. consult the table below.

Protected by U.S. Patent no. 3.'i58,069.

U-
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Precision-extruded i
erance MASTERIIEX tUbing

f
bit
in:
2',
Ilk.
Sr
Er
7i.

literflex tubing can be used for accurate-
olume pumping for long periods of time.
ill not last indefinitely. Even silicone tub-

'sits potential for 450 hours of operation at
has limitations. At the right. we have

ed the difference between tubing that is
and tubing that has fatigued (8). Because

-s continuously pass over the tubing and

Pressure

lch- -

3n

,rate

vs.
!ns
ion

:0
,ed
-es

:ed-.

5

y
ti

p

g applications suitability table

;ngs given below are general and based on
erage applications. We recommend you

s. a sample of the tubing to an immersion
Sthe fluid to be pumped. particularly if you

..crking with hazardous materials. We can

.ing
Type

assume no responsibility for tubing failure in spe-
cific applications. The table on page 442 gives
more detailed information on chemical compati-
bility.

r V

*1-~.I. -~ 

Tubing

close-tol
I - for the Masterflex system is manufac- d

l.. in Five formulatons to meet most a
,urn requirements. All Masterflex tubing is 3
preci -extruded to stnngent specifications.

Be- se the tubing and pump head forn an s
,nr. operating unit. only Masterflex tubing 4*mI - propery. Commercially available cubing amil - erform to our strict speciflcations. e
Chc-. rom the following formulations: e
I) T: 1 R 3603)-a low-cost. non-corrosive
ttuoi r general applications in the laboratory. I
Ec, for vacuum pumping. ir
2) Ti special-formulated to transport hy- IC

P ng life of MAsTERREX. tubing

Legend: "E"= Excellent "G'=Good: "F"=Fair:
.. ..=Poor 'N'= Not recommended:
"A=Autoclavable

Apolications suitability
life at

550 rpm
ta 4 08 Typons IR 36031 E' E G3 G P N 20 to +165 -29 to +74 General 50 hrs

401 Tyon* soecial E E F NN + 10 to +180 2 to +83 Hydrocaroons 50 hrs
- 419 Tyclon" food E* E' P P _N _N 0 to + 180 -IS8 to +83 Food 40 hrs
K-6412 Viton,' E E E E G G -10 to +400 -23 to +205 Corrosives 30 hrs
-- 6411 Silicone F E F F P P -80 to +50 -62 to +260 Food. tio./ciarm. i hrsz

Tsoe used in K-7017 and K-7018 heads is rated F Approxmate lie in oump mead. subjected to the stress of penstal- 2EXcept for K-6411.09. wntcn has a 70-hour lie at 550 rpm.
Tyqon-Reg TM Nonrcn co. tic acuon. Tubing life is uwersely propornorna to pump speed:
vlton--Reg TM E. OuPont de Nemours and co. haM"g the speed should douole the life.

Ordering information table

he tubing listed below has been manufac- tubing slippage, decreased pressure or vacuum the appropriate tubing for your requirements.tured to our exact dimensions, and subjected deficiency may occur. Save 20% on the purchase of 100 feet of one
to quality control checking by an optical com- Before ordering tubing, we recommend that size and one formulation of Tygon tubing. Saveparator for compatibility with Masterflex pump you consult the Tubing Applications Suitability 10% on 50 feet or more ofViton orsilicone tubing.heads. If other tubing is inserted into a Masterflex Table (above) and the Chemical Compatibility
pump head, malfunctions such as tubing failure, Chart (page 442) for guidelines for determining

Ordering -- Standard Masterflex heads Quick Load pump heads
information K-7013- K-7014- K-7016- K-7015- K-7017- K-7018- Single Triple size headseries series series series series series size I Accommcdz:es I size a ine

inner0dimensions 0.031' 0.065" j .125- 0.192" 0.255" 0.313" 0.192' 1 0.031" 0.065' 0.125"
Outer dimensions 0.162' 0.194- 0.251" 0.392" 0.386" 0.439' 0392 1 0.162' 0.l94' 0.251'

Tygona (R 36031 Cat. K-6408-41 K-6408-43 K-6408-02 K-6408-45 K-6408-06 K-6408-09 K-6408-45 K-6408-41 K-6408-43 I K-6408-02

TygonJ special Cat. no. K-6401-41 K-6401-43 K-6401-44 K-6401-45 K-6401-47 K-6401-48 K-6401-45 K-6401.41 I K-6401-43 K-6401-44
Price/50 ft $12.50 516.00 520.50 S43.00 535.50 S44.00 343.00 312.50 [16.00 S20.50

Tygona food tubing Cat. no. K-6419-41 K-6419-43 K-6419-02 K-6419-45 K-6419-06 K-6419-09 K-6419-4S K-6419-41 K-6419-43 K-6419-02
Price/50 ft 312.50 316.00 S20.50 43.00 S35.50 S44.00 S43.00 S12.50 116.00 S20.50

Viton* tubing Cat. no. K-6412-41 K-6412-43 K-6412-44 K-6412-45 K-6412-47 K-6412-48 K-6412-45 K-6412-41 K-6412-43 K-642-44
PrIce/foot I1.61 32.16 S3.39 $7.13 55.68 ] 36.36 S7.13 $1.61 S2.16 . S3.39

Silicone tubing Cat. no. K-6411-41 K-6411-43 I K-6411-02 K-6411-45 K-6411-47 4K-6411-09 K-6411-4S K-64 1-41 K-6411-43 K-6411-02
Pr-ce/25 ft S18.75 530.00 125.00 S42.50 [40.00 S37.50 S42.50 $18.75 330.00 S2S.00

Vacuum Corrosives
Sotvent,

Temperature limits
- Applications

rocarbons. It's best suited for gasoline, fuels, oils
nd lubricants.
) Tygon'6 food-designed specifically for use in
umping food products. Meets USDA and FDA
tandards.
I VIton"--for exceptional chemical resistance
gainst corrosives and solvents. This fluoro-
lastomer has the shortest tubing life.
) SilIcone-meets USDA and FDA standards.
ilicone has the widest temperature range and the
ongest life. It can withstand pump head squeez-
ng action at 200 rpm for up to 450 hours before
osing its elastic memory.

queeze it down (C). the tubing loses its elastic
nemory over time and will not spring back to its
riginal shape as readily. When fatigue occurs.
ou can simply pull the length of tubing to a sec-
on that has not been subjected to the ngors of
hie tubing/roller interface-and continue
umping.

-- 40I!n,-; __ D- 4

Both silicone and Viton fluoroelastomer tubing
can be autoclaved by standard procedures. Tygon
can be stenlized by two methods: 1) using one of
a number of germicides or gases based on
ethylene oxide in a gas sterilizer: 21 steaming to a
maximum of 250*F at 15 psi for 30 minutes and
then cooling at 150*F in dry heat for 2/ hours
maximum.

The tables below give complete information on
which tubing to order for the flow rates, fluids and
temperatures you may be using.

,77917T B 7
New Fatigued

TubingfoillerC / interface

4/24/87 Rev O

Solvents
IAcids IBases General Highly act ve" F* | Ce



How to order MA
Follow the steps below to specify Masterflexb pump systems.
Each step explains the options you have for designing the
pumping system you need. Your MasterflexA' pump systemwill consist of a drive, one or more pump heads andappropriate tubing.

Select an appropriate pump drive by determining the amount cfflexibility you require. If you need to pump a single volume con-stantly or repeatedly, order a fIxed-speed drive. It is available in AC-and OC-powered models.
We recommend variable-speed drives for changing flow require-ments-from metering and dispensing up to chemical feed andtransfer jobs. Choose component variable-speed controller andmotor drives for general applications: a unified variable-speeddrive. calibrated for greater settability- or integral variaole-speed ,drives, which can be controlled remotely by a 4-20 mA signal.DC-powered models are also available. Console variable-speed

drives display flow ranges on an analog dial for direct meterreadings of flow. The 5-channel and 10-channel drives operate Ito 5 or I to 10 pump heads at the same rpm setting. Servodynedrives maintain the correct rpm setting regardless of torque loadusing a built-in tachometer feedback... ideal for laboratory research jobs.High-capacity and environmental sampling pump dnves are described onpages 436-439.

Select the drive by rpm rating. Since each pump head produces a fixedml output per revolution of the drive shaft the flow rate is directlyrelated to the rpm rating. The table below lists several drive types with rpmratngs available and page numbers for ordering.

Drive types Rpm ratings avallabe Page
Variable speed 6-600 and 1-100 430
Fixed speed 1. 2. 6. 12. 20. 30. 60. 100 and 575 431
Unified variable scieed 6-600 and 1-100 43
Integral variable seed 30-600 and 5-100 432
DC-powered ixed speed 120 and 600 432

DCpoerd an209 and 100-500 42Console variable eed 5-500 and I -l0043
5- and 10-channel 5-100 433
Seivodvne 3-300 and 3-3000 in one 434

706-KE 4/24/87, Rev. u

STERFEX' components

S .hetauck Load Masterflex Pump heads
Pump h eads K.7013 K-7014 K-7016 K-0s '-07 K7' K-7020-20 K-7020-40 triple tubing sizeseKn7s 7eie ..e ens1 single (accommodates 3. tubing sizes.. ~ ~ ~ ~ ~ ee sries ses sres s s-ubing one size at a timel

Flwrt.m e eouin 0.06ml ^.21mi a.80ml I.67rn 2.m .8m - sz Size A Size 9 Sz
DiesedPUMO head flow rates in ml/min for drive sneeds shown at left 1.7ml 00m .1i 08m

600 rpm fixedl 36 126 480 1000 1680 2280 1000 36 26 480100 m (ixed 6 21 80 167 280 380 1676 80
8-36 6.3-126 24-480 50-1000 84-1680 114-2280 50-1000 18-36 6.3-126 24-4806-600 rm (vanable) 0.36-36 1.26-126 4.8-480 10-1000 16.8-1680 228-2280 0-1000 0.3-36 1.26-126 48-4805-100 rpm (variabiel 0.3-6 1.0-21 4.0-80 8.3-167 14.280 19-380 80-100 03-6 1.21 4.0-80

0.06-6 0.21-21 1 0.80-80 1.67-167 1 2.80-280 380-380 Vk7-l67 006-6 01-21 8S
6eiect one of the Five tubing formulations that will be compatible with6 the fluid you are handling. Choose from Vitona, silicone and threeformulations of Tygona tubing, manufactured to Masterflex, specifications.Check the Tubing Compatiolicy Table on page 442 for more informavon onchemical resistance and suitability.

Specify the right size tubing for the pump head you have selected. Eachpump head series accommodates one size tubing, except the triple-sizeQuick Load. Be sure to order the correct catalog number from page 427 forthe formulation and size you need.

8 Multi-channel pumping capability with a single drive is a unique Mas-terflex benefIt. Add up to four pump heads onto the same drive. tang-In-groove fashion, using the additional mounting hardware listed at right.Check the description of the drive you have selected and note the number of

pump heads it will accommodate.
Standard heads may be added onto one another, and a Quick Lcad head

may be added to a Standard head. Quick Load heads may not be added to
one anotnier.

No. of Standard head hardware Quick Load hardware
heads Plat1ed steel Stainless steeil Platea steel
2 K-7013-03 S3.00 7013-05 020-02 21.003 K-7013-06 5.00 K-7013-0 1 7020-0s 23 00
4 K-7013-07 7.00 K.7013-09 1 18.00 K-7020-04 21.00

4 Crder Masterfliex pump accessories to complete your system. See page
440 for flow integrator, dispenser/timer and tachometer.

Lexan-2eg TM4 General Electrc Plastics Tygo-Reg TM Noto Co.vitan-Reg TM E.I. DuPon de Nemos & cao
MAsten ex. Culdc Loa Reg TM Coie-Parmer instrument Co.

D-41ix uicL~dRgrMC~-a~r rsjecc
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Masterflexs K-7520-00
unified" variatle-speed

drive set up for dual-cfannel

pumping with a Standard and
Cuick Loiacv head, each loadedwith Tygon tubing, plus hardware

Select the pump head that is easiest to use for your aPplication. Stan-
e ard PUMP heads offer the widest number of flow ranges. Tubing isrelatively easy to re-load as necessary. Quick Load' pump heads are ideal for

applications where tubing must be changed frequently because of cross-
Contamination Of sterilization requirements.

4 Choose pump head materals. Standard pump heads come with Lexan 3'
polycarbonate housings for routinejcobs: or with polyphenylene sulfidehousings for greater chemical resistance. Specify a rotor assembly in cold-rolled steel or stainless steel. Stainless steel is preferred for greater chemicalresistance.

Quick Load heads are Lexan polycarbonate with stainless steel rotor as-
sembly only.

5 Selecttherightpump head series for your flow requirements. Check tmeRalw rates listed witri the individual drivT you have specified. You cancalculate the flow rate by multiplying the ml per revolution figure by the rpm
rating of the dnve Isee table at leftl. Representative flow rates are provided inthe table below.
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MASTER fEX specifications and ordering summary
Th se tables are color-coded to match pump heads, proper tubing size. site page before ordering. Cole-Parmer gives you a free 3-ft length of K-6408

anc ::nve flow speciications. Be sure to follow the nine steps on the oppo- TygonO tubing with each pump head.

v specifications
7 !ta given below are approximate. determined under the following con-

s: inlet 0 psig: outlet 0.5 psig: 22*C water circulant. inlet and outlet
u- g each about 2 feet long. Flow at maximum continuous head pressure

is about 90% of flow at 0 head pressure. For the K-7015 series Standard
heads and the K-7020-20 Quick Load' head, flow is somewhat less than
90% at continuous head pressure.

Standard Masterflex- pumo heads Oulck Loc ,7erflex aur'o fds

um heads K-7020-20 K-7020-40 triple ubing Size
' h K-7013 K-7014 K-7016 K-7015 K-7017 K-7018 single laCcommodaes 3 tubing sizes,

series tens series seres seies series tubing one size at a timel
II.._size Size A Size8 size C

rate: ml per revolution 0.G6ml 0.2 1mi 0.80mi i.67mi 2.80ml 3.80ml - 67ml 0.06mi 0.21 ml 0.80mi
contnuous head pressure 20 osis i 2psi 20 psi 25 psi 20 ost 20 psi 25 psi 20 psi 20 psi 20 osi
-ncermitrent head pressure 35 osi 35 osi 35 psi 40 osi 35 ost 35 psi 40 osi 35 psi 35 osi 35 osi
mum vacuum 24' Ha 24' Ho 24' Hq 24' Hg 24' Hg I.2 Hq 24' Hg 24 H 24 H 24 Ho
- 'ead orderinn informationssoeoNv rotor materials and beannqs

rolled steel Cat. no. K-7013-20 K-7014-20 K-7016-20 K-7015-20 K-7017-20 K-7018-20 Quick Load heads are available only in
PrIce $52.50 552.50 552.50 352.50 S52.0 552.50 stainless steel with sealed ball bearings

-ass steel Cat. no. K-7013-21 K-7014-21 K-7016-21;1 K-7015-21 I K-7017-21 K-7018-21 K-7020-20 K-7020-40
-d ball bearingsl Price $98.50 S98.S0 598.50 - $98.50 S98.50 598.50 S125.00 5125.00 -

*snatt pump heads for UlrraMasterelex systems K-7555-20. -40 and K-7557-30. -50: K-7547-00 vanable-soeed and K-7571-20 fixed-speed hazardous environment drives
--ied stee Cat. no. I K-7013-00 I K-7014-00 K-7016-00 j K-7015-00 K-7017-00 K-7018-00 Quick Load heads are available only in

Price S52.50 552.50 S52.50 j s2.50 ss2.so $52.50 stainless steel with sealed ball bearings
ess steel Cat. no. K-7013-10 K-7014-10 K-7016-10 K-7015-10 K-7017-1O K-7018-10 K-7020-l0 K-7020-30

ied ball bearings) Price 598.50 S98.50 598.50 J98.98. 598.50 98.5 12.00 4n $125.00 -

a tor Masterflex oumos-select tne formulation. then the approonate sizeIdimensions 0.031- 0.065 0.125- 0. 192 O.255' 0.313' 0.19.2 -l0.031' 0.065- 0.12S
0.194 0.251 0.392

[R 36031 Cat. no. I K-6408-41 K-6408-43 K-6408-02 K-6408-45 K-6408-06 K-6408-09 K-6408-45 K-6408-41 K-6408-43 K-6408-02
Prlce/S0 ft $13.00 3 S15.00 . S20.00 541.50 332.00 540.50 541.50 - $13.00 S15.00 520.00

pCat. no. K-6401-41 K-6401-43 K-6401-44 K-6401-45 IK-6401-47 K-6401-48 K-6401-45 K-6401-41 K-6401-43 K-6401-44
Price/50 ft 312.50 516.00 520.50 543.00 S31.50 544.00 543.00 512.50 516.00 520.50
Cat. no. K-6419-41 K-6419-43 K-6419-02 K-6419-45 K-6419-06 K-6419-09 K-6419-45 K-6419-41 K-6419.43 K-6419-02
Price/50 ft 512.50 516.00 S20.50 543.00 S35.50 544.00 343.00 512.50 316.00 520.50
Cat. no. K-6412-41 K-6412-43 K-6412-44 K-6412-45 K-6412-47 K-6412-48 K-6412-45 K-6412-41 K-6412-43 K-6412-44vorr tubing IC/ft 1.61 52.16 S3.39 $7.13 5.68 36.36 57.13 $1.61 52.16 33.39

tubing Cat. no. K-6411-41 K-6411-43 K-6411-02 K-6411-45 K-6411-47 K-6411-09 K-6411-45 K-6411-41 K-6411-43 K-641 1-02.cne tubing Price/25 ft $18.75 330.00 525.00 542.50 540.00 S37.50 542.50 . 318.75 530.00 525.00
Tubing discounts: Save 20% on 100 feet or more of one size and one formulation of Tygon tubing. Save 10% on 50 feet or more of Viton or silicone tubing.

Pump head flow rates in mil/min for selected MAsTERfIEx' drives

Drive cat. no. -K-7013 K-7014 .K-7016 K-7015 K-7017 K-7018 Single size Size A Size 8 Size C
K-7553-00 Variable sped 0.36-36 126-126 4.8-480 10-1000 6.8-1680 22.8-2280 10-1000 0.36-36 1.26-126 4.8-480
K-7553-10 Variable soeed 0.06-6 0.21-21 0.8-80 1.67-167 2.8-280 3.8-380 1.67-167 0.06-6 0.21-21 0.8-80
K-7520-00 Unified vanacle 0.36-36 1.26-126 4.8-480 10-1000 16.8-1680 22.8 .780 10-1000 0.36-36 1.26-126 4.8-480
K-7520-10 Unifed variable 0.06-6 021-21 0.8-80 1.67-167 2.8-280 32-7 1.67-167 - 0.06-6 0.21-21 0.8-80
K-7534-10 integral vanable 1.8-36 6.3-126 24-480 50-1000 84-1680 114-2280 50-1000 1.8-36 6.3-126 24-480
1-7534-30 ntegrat vanable 0.3-6 1.0-21 4.0-80 8.4-167 14-280 19-380 8.4-167 0.3-6 1.0-21 4.0-80
K-7533-10 DC-powered fixed 7.2 25.2 96 200.4 336 456 200.4 7.2 25.2 96

-7533-20 DC-powered vanaole 1.2-54 42-18.9 16-72 33.4-1503 56-252 76-342 33.4-150.3 1,2-5.4 4 2-18.9 16-72
K-7S33-40 DC powered variable 6-30 21-105 80-400 167-835 280-1400 380-1900 167-835 6-30 21-105 80-400
-7531-00 AC-pocwered ixed 34.5 120.75 460 958.33 1610 2185 '95833 34.5 120.75 460
-7562-400 Console vaiable 1-30 S-1 10 10-400 20-800 20-1400 30-1890 20-800 1-30 s-I o 10-400

K-7562- 0 Console variable 0.2-6 0.5-22 2-80 4-160 4-280 6-378 '4-160 0.2-6 0.5-22 2-80
K-7567-00 Five-channel 03-6 1.0-21 4.0-80 8.3-167 14-280 19-380 8-3-167- 0-3-6 1.0-21 4.0-80
K-7568-X Ten-cianne_ 03-6 1.0-21 4.0-80 8.3-167 14-280 19-380 83-167 0-3-6 1.0-21 4.0-80
K-755730. -S0 Standard Seiodyne 0.6-36 2.1-126 8-480 16-1000 28-1680 38-2280 16-1000 - 0.6-36 2.1-126 8-480
K-7555-20. -40 Master Servodyne. 0.108- 0378- 1.440- 3.006- - 5.040- 6.840- .3.006- 0.108- 0378- 1.440-

2160 7560 28.800 60.120 100.800 36.800 . 60.120.: 2160 7560 28.800

*FiO rate e suted in rrliY. Figues were generated by muiolyng the mi/mln per revoution d each pump head anes mne rpm of the pump owe.terflex. Ouick Load..Reg TM cle-famner instument Co. Iygon-Reg TM Norton Co. Vlton-Reg TM Ei. OuPont de Nemours & Co.
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are possible with this versatile drive. avail-
able in two rpm ranges. Flow rates are main-
tained electronically... with automatic compensa-tion for changes in load torque demands. Thistranslates to metering accuracy-especially at
high speeds-for sensitive laboratory or industrial

long service life. Allow additional start-up time for
sOft-startng in remote. auto-timed dispensing

or meteri.ng.
Solid-state speed control is calibrated at the

hgh en of Ch f
p nge or good linear control ly-resistant epoxy finish. Separate conrc!ier withTppratonen gand metering accuracy. The front-panel on/off 6-ft connecting cord permits remore pane-The Permanent magnet DC motor. with in- dial adjusts thle flow taking the dnive through the mounting. A 6-ft. 3-wire line cord is includej. Thecreased torque at high and low speeds. is rated entire rpm range I -1I or 6-tO-60 . And flow 10 mC .VAC drives have a standard Plug; 2C.O 23efor continuous use. "Soft-starting" (gentle acceler- direction is reversible ... a feature wrt- intrinsic VAC drives have a European universal plug. Shpgadon up to speed) and long brush life promote value for many applications. wt 10 lbs E4.Ekg).

Drive motr No. ofcatalog M td. heads Power Flow ran es in mrmin with standard or pulck Load oumo headsrp .accepted requirement Price K-7013-20. -21 K-7014-20. -21 K-7016-20, -21 K-7015-20. -21 K-7017-20 .21 -nuK7m2-4 accptk req.irement -7018-20. -21-7 -g rpm t62K-7020-40 uick Load mole-size nead K-720-20K-75.53-00 6 to 6 Ior 2 10 to -i30 VAC S28S.00 0-36 1036 1..26 to 126 4.8 to 480 10 to ICOO 68t 18 2. o2K-7554-00 6 to 600 .3I or 2 200 to 260 VAC 299.00 6 o 36 1.26 to 126 4.8 to 480 10 to COO 16.8 to :680 | 22.8 to 2280K-7553-10 I to 100 Up to 4 100 to 130 VAC 297.00 0.0646 0.21 to 21 0.8 to 80 1.67 to 167 2.8 to 280 3.8 to 320K-7554-io ito 100 Uo to 4 200 to 260 VAC 315.00 0.06 t 6 0.21 to 21 0.8 t080 V67 to 67 2.

Standard heads: K-7553-10 and K-7554-C l have100:1 reduction gears for high-tcrque multi-
channel pumping with as many as 4 heads. Select

drives and heads from table below: see page 427for tubing.
Orive housing is rugged steel wvich a chemical-

A compact, attache-style case,
fitted with all the components
you need for a complete
variable-speed Masterflex
system.. Ideal for
experimental lab work or
research & development
applications.

H ere are two versatile pumping
kits designed especially for prod-uct designers. pilot plant specifiers, pro-

totype makers or systems designers...
any lab or industrial experimenter.

Each kit comes complete with a
variable-speed drive (6-600 rpm) and
solid-state speed controller to assure
steady flow rate at the set speed. (See the
K-7553-00 and K-7554-00 drives, above.) W
50/60 Hz.

Also included in the kits is a set of StanMasterflex pump heads (your choice of 4-head sets) and a 3-ft lengtrt of K-6408-seri
Tygon tubing (see page 427) for each pump
All of the heads are equipped with cold-r
steel rotors: stainless steel rotors are availaspecial request. Both kits come packaged
durable custom attache case witn an extra
partment for tools.

MASTERFEX pump sets Then

as an ef
lined to
age coni

EIght-hd pump sets... parts an
for flow rates to4s60mi/min with
dual-cranne pumping

dard
or-

es a Four-head sets.
Old a compiete pumping -

Sted on System in a handy
ine on atruhe-s~e case

com-
See above table for head flow rates

gid. vinyl-covered-canying case doubles
ficient storage box. cushioned and felt-
protect the components. A separa:e stcr-

Panment is provided foryour toos. spare
d accessories.

Four-head set
Provides a wide range of flow

rates up to 2280ml/min. The 4 Stan-
dard pump heads are: K-7013-20,
K-70 16-20. K-7015-20 and K-70 18-20.
K-7558-10 Four-head set. 115
VAC. pg wt 21 lbs 9.5kg) S 525.00
K-75538-20 Four-head set. 230
VAC. Shpg wt 21 lbs (9.5kg) 555.00

Eight-head set
Allows flow rates to 4560mil/min

in dual-channel pumping with 2
heads. Kit contains 2 eacri of the
K-7013-20, K-7016-20, K-7015-20 and
K-7018-20 pump heads.
K-7558-30 Eight-head set. 115
VAC. Shpg wt 27 lbs
1123kg) ............... .610.00
K-7558-40 Eight-head set. 230
VAC. Shpg wt 27 lbs
112.3kg) ................ S660.00
M1atedliex -Reg T M ClepamnetunmetCo

M~sefiex Regt~.4co~-a,,,er i 5,4l,_tr cok fg~~ s~~er"K - . . ~ fl- A I3 ..
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MASTERFEX variable-speed drives

K-7553- and K-7554-series
u svariable-speed drivesSmIA l ETATE with fun-range linear

Our most popular EED CONTROLLER 
sp- control and a widedrives... de- speed range

signed for flex- -_ -
ible, dependable fluid '-

handling-from low-
flow dispensing to
high-flow transferring--with superb
linearity.. .plus "soft-start" capability
for non-surge, remote starting at any
setting.

V ariable flow rates from 0.06 to 2280mln n

I I
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MASTERFIEX'

variable speed drives
Drive

catalog 7553-00 7553-10
number 7554-00 7554-10

Cole Parmer Instrument Co.
7425 N. Oak Park Avenue
Chicago. Illinois 60648 -

(312) 647-7600

A-1299-109
EDITION 3782
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GENERAL DESCRIPTION

This most versatile electric drive incorporates a new permanent magnet D.C.
motor, with increased torque at hign speeds, is totally closed and permanently
lubricated. Extremely quiet in ooeration and with long brush life. this motor
drive system automatically compensates for changes in load torque demands.
Utilizing a new, solid-state control circuit assures accurate, dependable soeed
(flow) control. Excellent speed regulation, even with line voltage and loaa
variations, is designed in the rugged electronic control. Flow direction is
reversible. "Sof t-start" and smooth, gradual acceleration to speec setting is
provided when line power switch is from controller.

Drive No. ot
catalog Motor Power std heaps
number rpm requirement acceoted
7553-00 6 to 600 100 to 130 VAC 1 or2
7554-00 6 to 600 200 to 260 VAC I or 2
7553-10 1to100 100to130vAc uo to 4
7554-10 1to 100 200 to 260 vAC up to 4

ACvoltage can be either 50 or 60 Hz.

OPERATION

Operation of the variable speed drive is simple: select and install the desired
pump head and tubing, connect the drive to the controller, and connect the
controller line cord to a grounded, three-wire AC receptacle. Adjust the speed
control knob to the desired speed. If necessary, use the reversing switch to
change the direction of the pump's rotation (stop the pump before changing
the direction). CAUTION: Do not disconnect motor from control with power
switch in "on" position.

Multi-channel pumping: Standard pump heads only can be cascaded for
one, two, three or four-channel pumping depending on the drive. For multi-
channel pumping the following hardware is needed:

7013-03 Hardware for 2 heads: plated steel
7013-05 Hardware for 2 heads: stainless steel
7013-06 Hardware for 3 heads: plated steel
7013-08 Hardware for 3 heads: stainless steel
7013-07 Hardware for 4 heads: plated steel
7013-09 Hardware for 4 heads: stainless steel

D-47
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MASTERFLEX@ INTERCHANGEABLE PUMP HEADS
Standard heads attach directly to most
MasterflexO drive units. They can be cascaded
for multi-channel pumping . . . depending on the
drive unit, you can attach up to four heads, one
in front of the other, to the same drive.

Standard heads are molded of crystal-clear
Lexan) polycarbonate. Shafts, rotor assemblies,
and mounting hardware are either of economical
cold-rolled steel (-20 suffix) or of 300-series
stainless steel with sealed stainless steel ball

Standard heads can
be cascaded for
multi-channel pumping

- - --'

; ..

Cy

New
Quick-Load
pump head

bearings (-21 suffix). -21
heads offer high cor-
rosion resistance and
protection should tubing
fail . .. and you can
flush heads without fear
of removing lubricant
from the sealed bearings.

Standard
Masterflexa
pump head

New Quick-Load heads (7020 series)
feature a special patented design (U.S. Pa-
tent No. 4,138,205) that makes it a snap to
load tubing. You just loosen the two retain-
ing nuts, turn the tubing retainer and swing
out cover halves, and place the tubing
around the rotor assembly. Turn retainer
back, swing in cover halves, and tighten
nuts to hold tubing secure.

All Quick-Load heads are molded of
crystal-clear Lexano polycarbonate. Rotor
assembly and lower fastening nut are of
300-series stainless steel; tubing retainer
stud, both fastening nuts, and mounting
hardware are carbon steel. Rotor assembly
rides on two sets of sealed stainless steel
ball bearings: rollers ride on similar
bearings.

Quick-Load heads are a great con-
venience if you have to change tubing fre-
quently; they cannot, however, be used in
cascading arrangement for multi-channel
pumping.

D-48
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MASTERFLEX® PUMP HEADS AND TUBING

Standard Master lex' pump heads Quick-Load Masterflex' pump heads

Pump heads - 7 7Triple tubing size

7013 7014 7016 7015 7017 7018 inge (Accommodates 3 lubing sizes.
Rotor materials series series series series series series tubin size one size at a lime)
and bearings SseAiiezeiz

Cold-rolled stot Cat, no. 7013-20 7014-20 7016-20 7015-20 7017-20 7018-20 Ouick-Load heads are available only in
slainless steel with sealed ball bearings

Stainleds steel Cat. no. 7013-21 7014-21 7016-21 7015-21 7017-21 7018-21 7020-20 7020-40
(sealed ball beaiings)

Flow specifications

Data given below are approximate, determined under the at 0 head pressure. For the 7015 series standard heads and

following conditions: inlet 0 psig; outlet 0.5 psig; 22*C water the 7020-20 Ouick-Load head, flow is somewhat less than
circulant; inlet and outlet tubing each about 2 feet long. Flow 9 0% at continuous head pressure.
at maximum continuous head pressure is about 90% of flow

Ma1 flond rare at 600 ipm nil, mun 36 126 480 1000 1680 2280 1000 36 126 480

Max flow rate at 100 ipm fill inn 6 21 80 167 280 380 167 6 21 80
Flo,% range 6 600 rpm nil run 036-36 1 26-126 48-480 10-1000 168-1680 22 8-2280 10-1000 036-36 1 26-126 48-480

Flo" riie k 10 rp rl 006-6 02121 08080 1 67-167 280-280 3110380 167-167 0 06-6 0 21-21 08080

Flow t ale. fi per revoltiliun 006 ml 0 21 ml 0 80 nit 1 67 nil 2 80 fi 3 80 ml 1 67 ml 0 06 mtl 0_21 ml 0 80 fil

Ma. conunious head pressure 20 psi 20 psi 20 psi 25 psi 20 ps 20 psi 25 psi 20 psi 20 psi 20 psi

Max inlernnilei head pressure 35 psi 35 psi 35 psi 40 psi 35 psi 35 psi 40 psi 35 psi 35 psi 35 psi

Manum sacuumn 24" Hg 24" Hg 24" Hg 2-" Hg 24" Hg 12" Hg 24" Hg 24" Hg 24" Hg 24" Hg

Precision-extruded close-tolerance MASTERFLEX* tubin
Only Masterflex tubing will work properly with Mastertlex
tubing pumps. The tubing listed here has been made to
stringent dimensions, subject to quality control checking by
an optical comparator, for compatibility with Masterflex
pump heads. The use of any other tubing than that listed

here may result in tubing failure, tubing slippage, decreased
pressure or vacuum efficiency, and/or other malfunctions.
Before ordering tubing, consult the Tubing applications
suitability table below as a general guide to finding the ap-
propriate tubing for your needs.

C:)
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Cat. no.

Cal. no.

6408-41

6401-41

6408-43

6401-43

6408-02 6408-45 6408-06 6408-09
6408-45 6408-4 1 6408-43 6408.02I I f J *1 I

6401-44 6401-45 6401-47 6401-48

1111111 dalmenslols
yo 3603)

lu i ll i i

W.o-n hittng

W -1 ll

Cat.-no. 6419-41

Cal. no. 6411-41

cal. no. 6412-41

6419-43

64 11-43

6419-02

6411-02

6412-43 6412-44

6419-45 6419-06 6419-09 6419-45 6419-41
64 19-43 64 19-02r 1 . _______ C ______

6411-45

6412-45

6411-47 6411-09

6412-47 6412 -4 8

6411-45 6411-41 6411-43

6412-45 6412-41 6412-43
I64 -1..

642-I

Tubing applications suitability table
Ratings given below are general and based on average ap- Three kind
plicalions. Cole-Parmer assumes no responsibility for their range of app
use in specific applications. Always subject a sample of the chemical res
tubing to an immersion test in the fluid to be pumped, par- good for footicularly if you're working with hazardous material, before or- perature randering tubing in quantity. Call or write our Pump Applications squeezing ac
Dept. for additional assistance if needed. 200 rpm.
Legend:' E Excellent G Good F Fair. P Poor, N Not recommended. A = Autoclavable

ds of low-cost Tygon tubing are offered for a
lications. Viton* tubing offers exceptional
sistance, but has a short life. Silicone tubing is
d and biochemical uses; it has the widest tem-
ge and the longest life . .. it stands up to the
tion of the pump head for up to 450 hours at

31 Criltit tt, it dy osct iias u 70 iou, In .it 550 rpm
4l Apprioumiiit tri o pm 'ii ied SubIcciod ii tin stinsses 01 perstatic actioi Tubing ile

is inucisely propoflionat to pump speed. h
Tygon -- OngTM US Sionnesaie
Vilon -- flog 1 M E I DuPont de NemourS an
Masterflex -- Reg TM Cole-Parme, instrum

Tubing Temperature

Special uses 550 rpm Min Man
- S0hrs -20 +165
ydrocarbons' 50 hrs 10 n 180
ood, 40 his 0 +180
tod. bio /pharm.' 150 his' -80 * 500

30 hrs -10 +400

alving the Speed Should doule tine lie

d Co
ent Co

our needs.

6401-45 6401-4 1 6401-43 640 1-44F F I F I t I F -F

0 031" 0 065" 0 125" 0 192" 10 255" 0.313" 0.192" 0.031" 0,065" 0 125"0 162" 0 191" 0 251" 0 392" 0390" 0439" 0162" 0194" t 251"

tng - .-- Application suiability
sCr.es corrosives So Solvents Temperature

no Type Pressure Vacuum Acids Bases General Highly Actve Hih Low Extra Low
6408 Tygon I R -3603) G G G G G F F G N6401 Tygon'special G G F P G F F F N H6419 ryg' lood G G - - -7_ FA F N F
6.11 Silicone G E F F F F E E Fo6412 viOn' E F E E E G F N -

C
-4

I 1

1

6408-45 6408-41 6408-43 6408-02

6401-45 6401-41 6401-43 6401-44

6419-43 6419-02

6411-02

6412-44
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Variable Speed Masterflex Schematic
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Controller Parts List No. 1

115 V AC 50-60 Hz. (7553, 7553-10)

SYMBOL PART NO. ITEM
F1 8-1115-27 FUSE4AMP
DS101 A-2527-2 LED
PCi E-1275 P.C. BOARD ASS'Y
R101 B-1113-109 RESISTOR 4K, 5W
R102 B-1113-245 RESISTOR 150K, 1/4W
R1 05,6,117,120-123 B-1113-149 RESISTOR 10K, 1/4W
R107 B-1113-261 RESISTOR 180K, 1/4W
R118 B-1113-151 RESISTOR 1K, 1/4W
R108-113,115 B-1113-226 RESISTOR 100K, 1/4W
R116,119 B-1113-232 RESISTOR 1.8M. 1/4W
R124,125 B-1113-176 RESISTOR 47 OHM, 1/4W
CR101-5, 107-8, B-1119-7 DIODE
111, 112, 113,115

CR106 B-1119-2 DIODE
VR101, 102 B-1126-7 DIODE-ZENER
CR114 8-1119-8 DIODE
IC101 A-2360 CIRCUIT-INTEGRATED
OA101 8-1823 TRANSISTOR ARRAY
C101 B-1114-17 CAPACITOR .1 UF. 250V
C102 B-1114-64 CAPACITOR 150UF, 35V
C103 B-1114-65 CAPACITOR 1OUF, 25V
C104 B-1114-66 CAPACITOR.47UF, 100V
C105 B-1114-52 CAPACITOR .22UF, 100V
C106 B-1 114-67 CAPACITOR .022UF. 250V
C107 B-1114-69 CAPACITOR .047UF, 630V
R103 8-1117-57 TRIM-POT 10K
CR110_______ B-1820 [ SCR 8A, 600V

11 -1117-74 POT W/SWITCH 10K
S102 B-1084-46 SWITCH TOGGLE DPDT

D-52 H
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Controller Parts List No. 2

230 V AC 50-60 Hz. (7554, 7554-10)

SYMBOL PART NO. ITEM

F1 B-1115-32 FUSE 1.5AMP
DS101 A-2527-2 LED
S101 B-1117-74 POT w/SWITCH 10K
S102 8-1084-46 SWITCH-TOGGLE DPDT
PC2 E-1 276 P.C. BOARD ASS'Y
R101 B-1113-263 RESISTOR 8K, 1OW
R102 B-1113-264 RESISTOR 330K, 1/4W
R105-6, 117,120-123 B-1113-149 RESISTOR 10K, 1/4W
R107 B-1113-246 RESISTOR 390K, 1/4W
R118 B-1113-151 RESISTOR 1K, 1/4W
R1 08-113, 115 8-1113-226 RESISTOR 100K, 1/4W
R116, 119 B-1113-232 RESISTOR 1.8M. 1/4W
R124, 125 B-1113-176 RESISTOR 47 OHMS, 1/4W
CR101,2,3,4 B-1119-10 DIODE-BRIDGE
CR105,7,8,11,12,13,15 8-1119-7 DIODE
CR106 B-1119-2 DIODE
VR101, 2 B-1126-7 DIODE ZENER
CR114 8-1119-8 DIODE
IC101 A-2360 CIRCUIT-INTEGRATED
OA101 8-1823 TRANSISTOR ARRAY
C102 B-1114-64 CAPACITOR 150UF, 35V
C103 B-1114-65 CAPACITOR 1OUF, 25V
C104 B-1114-66 CAPACITOR .47UF. 1oov

C105. B-1114-52 CAPACITOR 22UF, 100V
C106 8-1114-67 CAPACITOR 022UF. 250V
C107 B-1114-69 CAPACITOR .047UF. 630V
R103 8-1117-57 TRIM-POTENTIOMETER 10K
VR103 A-2122-3 VARISTOR-METAL OXIDE
CR110 B-1820 SCR 8A, 600V
R1 B-1113-265 RESISTOR-POWER

10 OHM. 25W
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Motor Repair Parts

ITEM J PART NO. DRIVE

MOTOR BRUSHES (set of 2) A-2543-CR 7553, 7553-10,
7554, 7554-10

BRUSH CAP A-2542-CR ALL DRIVES
NOTED ABOVE

GEAR CASE GASKET

ARMATURE 11 5V

ARMATURE 115V

ARMATURE 230V A-2545-CR 7554
ARMATURE 230V A-2545-CR 7554-10

REPLACEMENT GEAR KIT 7553-06 7553, 7554
REPLACEMENT GEAR KIT 7553-08 7553-10, 7554-10
NEEDLE BEARING A-1 164 7553-10, 7554-10
CILITE BUSHING

B-1467

A-2544-CR

A-2544-CR

A-2497

ALL DRIVES
7553

7553-10

7553, 7554

D-54
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ALL DRIVES
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Masterflex Pump Replacement Parts

(metal parts are plated steel)

PLASTIC
STANDARD PUMP

PUMP HEAD ROTOR
HEAD SECTION ASSEMBLY

7013-20 A-1106-2 B-1289-1

7014-20 A-1 106-3 B-1 289-1

7016-20 A-1 106-5 B-1289-1

7015-20 A-1106-1 B-1289-2

7017-20 A-1106-4 B-1289-1

7018-20 A-1106-6 B-1289-1

All rotor assemblies use teflon thrust wastiers. A-1 184.

D-55
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Masterflex Pump Replacement Parts

(metal parts are stainless steel)

ROTOR
ASSEMBLY

B-1291-1

B-1 291-1

B-1 291-1

B-1 291-2

B-1 291-1

B-1291-1

D-5c

PLASTIC
STANDARD PUMP

PUMP HEAD
HEAD SECTION

7013-21 A-1 400-1

7014-21 A-1 400-2
7016-21 A-1 400-5
7015-21 A-1400-3

7017-21 A-1400-4

7018-21 A-1 400-6

All rotor assemblies use teflon thrust washers, A-1 184.

I1706-KE
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Masterflex Pump Replacement Parts

(metal parts are stainless steel)

QUICK LOAD PUMP HEAD

PUMP HEAD NO. 7020-20 7020-40

PART DESCRIPTION PART NO. PART NO.

ASSEMBLY PUMP HOUSING D-1 569 D-1 569

ASSEMBLY ROTOR D-1624-1 D-1624-2

REAR TUBING RETAINER B-1703 B-1 701*

FRONT TUBING RETAINER A-2489 A-2488*

PLASTIC REACTION ARM, R.H. E-1 222 E-1 222

PLASTIC REACTION ARM, L.H. E-1221 E-1221

WAVE WASHER A-2480 A-2480

MOUNTING SCREW (PLATED) A-2386-12 A-2386-12

CLAMP KNOB (PLATED) A-2383-12 A-2383-12

REAR TUBING RETAINER B-1702**

FRONT TUBING RETAINER A-2490-

*For the -41 tubing

* For the -43, -02 and -44 tubing

D-57
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MAINTENANCE

The speed control circuit has solid state components which do not require
servicing. A tubing rupture may result in a motor overload which could cause
some electrical parts to fail.
Exact motor brush and commutator life will depend on the speed and the
number of pump heads. Brushes should be inspected every six months or
2000 hours whichever occurs first. Replace when less than 0.300' long. The
commutator should be periodically inspected and cleaned if necessary. If
preventive maintenance is not performed, excessive commutator wear or
'bridging' between commutator segments will cause excessive current
through the controller circuit.

WARRANTY
The Cole-Parmer Instrument Company warrants the product to be free from
defects in material and workmanship for a period of six months. If repair or
adjustment is necessary and has not been the result of abuse or misuse
within the six month period, please return, freight prepaid, and correction of
the defect will be made without charge (see note on return of items).
For your protection, items being returned must be carefully packed to prevent
damage in shipment and insured against possible damage or loss. Cole-
Parmer will not be responsible for damage resulting from careless or in-
sufficient packing.

Out of warranty products will be repaired for a nominal charge.

D-58
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RETURN OF ITEMS

Authorization must be obtained from our Customer Service Department before
returning items for any reason. When applying for authorization, please
include data regarding the reason the items are to be returned. A 15 % re-
stocking charge will be made on all unauthorized returns.

TECHNICAL ASSISTANCE
Technical information and advice on the use of the products in specific appli-
cations may be obtained. Modifications can be made to adapt the unit to
special customer applications. Contact the Engineering Department for
information.

The Cole-Parmer Instrument Company reserves the right to make im-
provements in design, construction and appearance of our products without
notice.

D-59
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APPENDIX D-5

ROTAMETER SPECIFICATIONS

D-60

I1706-KE



1706-KE 4/24/87, Rev. 0 Z&V

col&-Po e-
Instrumof Co f

- Co

-F-

-

nV..

-;7 -

--

v_-

Ordering information
Flowmeters with 65mm flowtubes

Aluminum frame 316 stainless steel frame Max flow rate'
Air Water Float

Cat no. Price Cat. no. Price mi/min ml/min material
K-3216-00 537.40 K-3218-01 S90.00 6.9 0.14 Glass
K-3216-02 37.40 K-3218-03 90.00 20.8 0.33 316 stainless steel
K-3216-04 37.40 K-3218-05 90.00 52 0.61 Glass
K-3216-06 37.40 K-3218-07 - 90.00 165 2.50 316 stainless steel
K-3216-08 37.40 K-3218-09 90.00 130 1.6 Glass
K-3216-10 37.40 K-3218-11 90.00 329 8.8 316 stainless steel
K-3216-12 37.40 K-3218-13 90.00 221 2.98 Glass
K-3216-14 37.40 K-3218-15 90.00 516 11.20 316 stainless steel
K-3216-16 37.40 K-3218-17 90.00 1163 24 Glass
K-3216-18 37.40 K-3218-19 90.00 2680 72 316 stainless steel
K-3216-20 37.40 K-3218-21 90.00 2035 44 Glass
K-3216-22 37.40 K-3218-23 90.00 3942 122 316 stainless steel
K-3216-24 37.40 K-3218-25 90.00 2806 60 Glass
K-3216-26 37.40 K-3218-27 90.00 5284 152 316 stainless steel
K-3216-28 37.40 K-3218-29 90.00 7241 134 Glass
K-3216-30 37.40 K-3218-31 90.00 12142 " 316 stainless steel
K-3216-32 37.40 K-3218-33 90.00 14397 Glass
K-3216-34 37.40 K-3218-35 90.00 23883 " 316 stainless steel
K-3216-36 37.40 .. K-3218-37 ..90.00 . 25300 . __....570 Glass
K-3216-38 37.40 K-3218-39 90.00 42309 1250 316 stainless steel
K-3216-40 44.65 K-3218-41 97.25 67610 2100 Carbolov

Flowmeters with 150mm flowtubes -

K-3217-00 60.00 K-3219-01 118.00 27 0.29 Glass
K-3217-02 60.00 K-3219-03 118.00 68.5 1.08 316 stainless steel
K-3217-04 60.00 K-3219-05 118.00 51 0.61 Glass
K-3217-06 60.00 K-3219-07 118.00 148 2.50 316 stainless steel
K-3217-08 60.00 K-3219-09 118.00 90.9 1.02 Glass
K-3217-10 60.00 K-3219-11 118.00 268.0 4.96 316 stainless steel
K-3217-12 60.00 K-3219-13 118.00 378 5.8 Glass
K-3217-14 60.00 K-3219-15 118.00 832 20.8 316 stainless steel
K-3217-16 60.00 K-3219-17 118.00 845 17.8 Glass
K-3217-18 60.00 K-3219-19 118.00 1694 48.9 316 stainless steel
K-3217-20 60.00 K-3219-21 118.00 2330 53.2 Glass
K-3217-22 60.00 K-3219-23 118.00 Z.4640 133.4 316 stainless steel
K-3217-24 60.00 K-3219-25 118.00 , 3861 88.0 Glass
K-3217-_ .60JD0 K-3219-27 . 1 7600 221.0 316 stainless steel
K-3217-28 60.00 K-3219-29 18.00 8 ~"~ a' ~~"'" Glass

K-3217-30 60.00 K-3219-31 118.00 16614 502 316 stainless steel
K-3217-32 60.00 K-3219-33 118.00 23222 564 Glass
K-3217-34 60.00 K-3219-3S 118.00 43424 1323 316 stainless steel
K-3217-36 67.25 K-3219-37 125.25 60888 1944 Carboloy

'Minimum flow rate is approximately 10% of the maximum figure. "Not recommenced for use with water.

Tripod bases
Bench mount up to 3 flowmeters in the
lab... any combination of 65mm and
150mm models. Three levelling screws
and spirit level are built into acrylic base.

Cat, no. I No. of flowmeters Price
K-3226-10 1 S22.50

- - - K-3226-20 1 or 2 25.00
K-3226-30 1. 2. or 3 27.50

Pipe-to-tube adapters
- &' Polyethylene straignt adaocters -

Cat no. MIPT Tubing ID Price12
I D., ~ . K-6450-10 $3 S312

- K-6450-11 " s 3.24
K-6450-12 i/' %' 3.36

Polyethvlene elbow adaoters
Cat. no. I MIPT Tubinq ID Price!12

K-6451-10 / 1 i S6.24
- K-6451:20 ' I 6.36

:K-6451-21 ' 6.48

-i

-

I
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APPENDIX D-6

LEVEL SENSOR SPECIFICATIONS
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Point Control Integral

Point Control - Remote

AA

Continuous Control

BINDIGATOR
A LEVEL CONTROL COMPANY

1 706-KE

electronics package:

Point Control .s
Model 600

CA-LEVEL~T
series 600 capacitance level controls

introduction: Point and continuous capaci-
tance type level controls offered by Bindicator provide
precise, reliable and economical level control for both
non-coating liquid and granular materials.

A leader in the level control field for more than
35 years, Bindicator's design, construction and instal-
lation experience assures you of receiving the best
possible level control for your application.

application: Utilizing a combination of point
and continuous capacitance level controls, it is possible
to achieve any or all of the following: High or low level
control and/or alarm; automation of vessel loading and
emptying; inventory monitoring; indication of a de-
sired vessel condition; sensing of material presence for
a wide variety of materials and vessel configurations.
This functional versatility makes the capacitance type
of level control an extremely useful tool for today's
complex industrial society.

Food storage and processing, aggregate handling,
mining and metallurgy, and chemical and petroleum
processing are only a few of the areas in which Bindi-
cator capacitance levc[ controls are providing time
and cost savings in industrial production procedures.

operational theory: A basic capacitance level
control consists of a vessel, the material contained
therein, a sensing probe, and an electronic unit. This
precision level control instrumentation operates by
measuring the electrical capacitance that exists
between the probe, which is being driven by a low
power electrical signal, and the vessel. The magnitude
of this vessel capacitance is dependent upon the level
of material between these two elements. Changes in
the material level thus cause changes in the vessel
capacitance which is monitored by a precision bridge
circuit in the electronic unit. For a point control, these
capacitance changes cause relay activation; on a con-
tinuous unit, they provide an electrical signal propor-
tional to the level of material in the vessel.

(

(

Continuous Control
Model 660



-*,M-ETR

ELECTIRCNC

Fi

CONTINUOUS
LEVEL
CONTROL

LEVELT
CONTROL

BINDICATOR'A LEVIL CONTROL COMPANYV

4/24/87, Rev. 0

BASIC ELECTRONIC UNITS:
description:
Point-Model 600 & 610

Available remote or integral to probe assembly
Compact size
All silicon transistor circuitry
No periodic recalibration
Rugged
High or low level fail-safe (field convertible)
Explosion proof:

Class 1, Div. 1 & 2, Groups C & D
Class 2, Div. 1 & 2, Groups E, F, & G

Use: Conductive or non-conductive liquids and gran-
ular materials

Continuous-Model 660

No electronics at probe
No periodic recalibration
Direct or reverse acting (field convertible)
Non-interacting span and zero
Field convertible output
All silicon transistor ci'rcuitry
Explosion proof options:

Class 1, Div. 1 & 2, Group C & D
Class 2, Div. 1 & 2, Groups E, F, & G

Use: Conducting or non-conducting liquids, dry gran-
ular materials, interface

eleCtriCal specifications:
Point-Model 600 & 610

LineVoltage: 115± 20VAC,50/60Hz
Power: 7watts
Line Voltage Sensitivity: -0.3 pf for ± 20VAC
Ambient Temperature for Electronic Unit:

-40 to +160'F.
Temperature Sensitivity: 0.3 pf for 50 0 F.
Output: 5A relay at 115VAC non-inductive
Input Sensitivity: 0.4 pf

Continuous-Model 660

Lin' Voltage: 115-20VAC,50/60Hz
Power: 7 watts
Line Voltage Sensitivity: ± 0.5% for 20VAC
Ambient Temperature for Electronic Unit:

-40 to - 160"F.
Temperature Sensitivity: 0.02% per 'F. or .08 pf

(whichever is larger)
Span: .25 to5000pf
Output and Max. Load Resistance:

1- 5ma 6000ohms
4 - 20 ma 1500 ohms

10-50ma 600ohms
Load Resistance Sensitivity: 0.1% from zero to full load
Output Linearity: : 1.0%
Output Response Time: 150 usec.

~1
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APPENDIX D-7

PCA CONCRETE PROTECTIVE TREATMENTS GUIDANCE DOCUMENT
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NFORMATION

Effects of Substances on Concrete
and Guide to Protective Treatments

Quality concrete must be assumed in any discussion on

how various substances affect concrete. In general,
achievement of adequate strength and sufficiently low
permeability to withstand many exposures requires

proper proportioning, placing, and curing. Certain fun-

damental principles by which the quality of concrete

can be controlled are well established:

9 Low water-cement ratio-not to exceed 0.49 by
weight.

@ Minimum cement content-564 lb per cubic yard

(335 kg/m).
* Suitable cement type- such as portland cement low

in tricalcium aluminate, CA, to reduce or prevent

attack by some chemicals that react with CIA, notably

sulfates.
* Adequate air entrainment-the amount dependent

on maximum aggregate size.
* Suitable workability-avoiding mixes so harsh and

stiff that honeycomb occurs, and those so fluid that

water rises to the surface. Slump should be 2-4 in.

(50-100 mm).
e Thorough mixing-until all concrete is uniform in ap-

pearance, with al materials evenly distributed.
" Proper placing and consolidation-filling all corners

and angles of forms without segregation of materials.
Where possible, construction joints should be avoided.

" Adequate curing-supplying additional moisture to

the concrete during the early hardening period or

covering concrete with water-retaining materials.

(Rapid evaporation of moisture from the concrete
surface soon after ce nstic

s hr in k agec

.Ama oncrete should be kept moist and above 60P
(100C) for at least the first week. but longer curing

periods usually increase resistance to corrosive sub-

stances. Concrete should not be subjected to hydro-

static pressure during this period.

Design Considerations

Whenever concrete is to be coated for corrosion pro-

tection, the forms should be coated with materials that

will not impregnate or bond to the concrete after they
have been stripped. Hence, forms coated with form oils
or waxes should not be used against surfaces to be
coated. Curing membranes that are weakly bonded to

the concrete may develop little or no bond to coatings
applied over them. If form oils, waxes. or curing mem-

branes are present, they should be removed by acid
washing. sandblasting, scarifying. or other such proc-

esses.
Where spillage of corrosive substances is likely to

occur, a floor should have a slope to drains of at least
2% to facilitate washing.

Many solutions that have no chemical effect on con-
crete. such as brines and salts, may crystallize upon
drying. It is especially important that concrete subject
to alternate wetting and drying of such solutions be im-
pervious to them. When free water in concrete is sat-

urated with salts. the salts crystallize in the concrete
near the surface during the drying process. sometimes
exerting sufficient pressure to cause scaling. Structures
exposed to brine solutions and having a free surface of
evaporation should therefore be provided with a protec-

tive treatment on the side exposed to the solution.
In addition, movement of salts into the concrete may

result in corrosion of reinforcing steel. The corrosion
reactions form compounds that cause expansion and
disruption of the concrete. Significant corrosion of steel

in reinforced concrete will occur if (1) sufficient oxygen

is available, and (2) the normally passive state of steel
in concrete is impaired. Porous concrete or surface
cracks permit the penetration of oxygen to the rein-
forcement. The steel is normally passive because a
protective oxide film is formed and maintained on it by
the high concentration of hydroxide ions (high pH) in the

water solution in concrete. This protective film may be

impaired by (1) sufficient lowering of the pH value: as

by reaction of carbon dioxide from 'he air or cthr
sources, or (2) a suffirient concentration of chloride
ions in sob n. High cement content in high-quality
imperraeable concrete provides protection against
corrosion of reinforcement by producing a high pH
value and limiting " xposue to the air.

It is important that sufficient concrete coverage be
provided for reinforcement where the surface is to be

exposed to corrosive substances. Carbon steel bar
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supy:D- for reinforcement should not extend to the
concrete surface. Deep recesses in the concrete
should be provided for form ties, and they should be
carefully filled and pointed with mortar.

Acids attack concrete by dissolving both hydrated
and unnydrated cement compounds as well as calcar-
eous aggregate. In certain acids and acid solutions it
may be impossible to apply an adequate protective
treatment to the concrete, and the use of a "sacrificial"
calcareous aggregate should be considered. Replace-
ment of siliceous aggregate by limestone or dolomite
having a minimum calcium oxide concentration of 50%
will aid in neutralizing the acid. The acid will attack the
entire exposed surface more uniformly, reducing the
rate of attack on the paste and preventing loss of
aggregate particles at the surface. The use of
calcareous aggregate will also retard expansion
resulting from sulfate attack caused by some acidsolutions.

The rate of attack on concrete may be directly related
to the activity of the aggressive chemical. Solutions of
high con centration are generally more corrosive than
those of low concentration-but in some cases, the
reverse is true. The rate of attack may be altered by the
solubility of the reaction products of the particular con-
crete. Lowering the hydroxide ion concentration gen-
erally causes more rapid attack in the concrete. Also,
since high temperatures usually accelerate any attack,
better protection is required than for normal temper-
atures.

Surface Preparation

Proper preparation of the concrete surface and good
workmanship are essential for the successful applica-
tion of any protective treatment. Concrete should nor-
mally be well cured (28 days to six months, depending
on service conditions and coatings used) and dry be-
fore the protective coatings are applied. Moisture in the
concrete may cause excessive internal vapor pressure
that can result in the treatment's blistering and peeling.

Precautions should be taken to eliminate objection-
able voids in the surface that might cause pinholes in
the coating. Good vibration and placing techniques will
reduce the number of these surface imperfections. The
concrete surface should be smoothed immediately af-
ter removal of forms by applying grout or mortar, or by
grinding the surface and then working grout into it. Other
surface treatments that have good adhesion to cured
concrete, such as latex-modified grouts or mortars,
epoxy, or other synthetic resin formulations, can also
be used to produce a smooth surface.

It is important to have a firm base free of grease, oil,
efflorescence, laitance, dirt, and loose particles. The
best method of cleaning the concrete surface depends
on job conditions. Dry removal of accumulated dirt and
soil is best achieved by scarifying, grinding, or sand-
blasting, but the dust and dirt produced by these meth-
ods may be undesirable. When such dust cannot be
tolerated, a liquid-based cleaning technique can be
used. There are three stages of wet cleaning: (1) de-
greasing, (2) acid treatment, and (3) neutralizing to

clean and etch thoroughly. Cleaning operations should
be performed only under conditions where appropriate
safety precautions have been taken.

.Degreasing is accomplished by applying a mixture ofa cleaner/ curing -compound remover (a chlorinted-
emulsifiable solvent), an industrial grease remover (a
highly alkaline, low-phosphate, biodegradable deter-
gent), and liberal amounts of water. The mixture is used
to scrub the concrete surface, repeatedly if necessary.
The surface finally is rinsed and scrubbed with clear
water, vacuumed to a damp condition, and then allowed
to air-dry.

Acid treatment of the surface involves scrubbing the
dry floor with an etching solution (a mild organic acid
combined with detergents, emulsifiers, and solvent).
After a vacuuming machine picks up any residual ma-
terial, the concrete surface is then rinsed, scrubbed
clean of the acid solution, and dried.

Neutralization of any acid left on the surface is then
accomplished by wetting the surface with clear water,
sprinkling on a detergent cleaner (highly alkaline, high-
phosphate, non-residue-forming detergent), scrubbing.
rinsing with water, and vacuuming to a damp condition.
The concrete is then rinsed again with clear water,
vacuumed damp-dry, and allowed to air-dry before the
new surface finish is applied.

Acid treatment is recommended only for cleaningfloor surfaces that are to receive a new surface finish.
Other wet-cleaning methods include high-pressure
water-jet blasting and steam cleaning. Selection of
method depends on the type and severity of contam-
ination.

Grinders can be used to remove weak, friable
laitance, high spots, and trowel and other marks.
Grinding can improve the smoothness and wear-
resistance of the floor.

Scarifiers and concrete sanders can remove lai-
tance, paint marks, pitch adhesives, thermoplastic ad-
hesives, smooth the concrete, and produce nonskid
surfaces. The machines have hardened-steel cuttingwheels that hammer off the surface.

Shotblasting or abrasive blasting removes surface
contaminants. Machines with vacuum bags make the
operation almost dust-free.

After a concrete surface is cleaned and dried, all
residue must be removed. Various industrial vacuum
machines are used to remove microdust particles from
a prepared surface.

Concrete cast against forms is sometimes so smooth
that adhesion of protective coatings becomes difficult.
Such surfaces should be acid-etched, sandblasted
lightly, or ground with silicon carbide stones to obtain
a slightly roughened surface.

Choosing the Treatment

Protective treatments for concrete are available for
almost any degree of protection required. Coatings vary
widely in composition and performance, and some of
the generic classifications given here are so broad that

'I
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they can serve only as a guide. The reader is advisedto
seek further, more detailed recommendations from the
manufacturer, formulator, producer, or material
supplier.'

Every coating is formulated to render a certain per-
formance under specified conditions. Its quality should
not be determined solely by the merits of any of its com-
ponents since it is the proportioning of ingredients that
determines performance. Coating performance also
depends upon the quality of surface preparation, meth-
od and quality of coating application, air conditions
during application, and film thickness. Any general dis-
cussion of chemical resistance and other properties of
coatings must assume optimum formulation and proper
use. The producers of the various coatings can provide
valuable information on the merits of their products for
a particular use and on the proper and safe procedure
for application. Many coatings contain solvents that are
fire, explosion, or toxic hazards.

Certain materials (thermoplastics) soften at elevated
temperatures and may even melt or become ineffective.
Various grades of coatings are available for use over a
fairly wide temperature range. Where flavor or odor is
important, the U.S. Food and Drug Administration or the
Food Directorate of Health and Welfare Canada should
be consulted regarding materials for use with food
ingredients.

The coating thickness required depends on (1) the,
exposure, whether continuous or intermittent* (2) the
resistance of the material to the chemicals involved;
and (3) the ability to form a continuous, pinhole-free
surface. As a rule, thin coatings are not as durable as
heavier coatings and hence -are less suitable where
there is considerable abrasion.

The more common protective treatments are
indicated in the tables (starting on page 7), the numbers
and letters corresponding to the descriptions given
here. For most substances, several treatments are sug-
gested. They will provide sufficient protection in most
cases. When choosing a type of protection, consider
the chemical environment, service condition (i.e.,
splash and spill or immersion), and any mechanical re-
quirements, keeping in mind the consequences of fail-
ure and ease of repair.

The information in the tables is only a guide for deter-
mining when to consider various coatings for chemical
resistance. Where more specific information is re-
quired, particularly to determine whether protection is
required for large installations, small mortar prisms
representative of the concrete to be used can be im-
mersed in the corrosive liquid and evaluated for resist-
ance." Where continuous service over long periods is
desirable, it may be more economical to use the higher-
quality -means of protection rather than a lower-first-
cost treatment that may be less permanent.
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mixture of 20% zinc fluosilicate and 80% magnesiur.
fluosilicate appears to give the best results. For the firs:
application, 1 lb (0.45 kg) of the fluosilicate crystals
should be dissolved in 1 gal (3.78 L) of water; about 2 It
(0.91 kg) of crystals per gallon of water are used for
subsequent applications.

The solution may be applied efficiently with large
brushes for vertical surfaces and mops for horizonta'
surfaces. The surfaces should be allowed to dry be-
tween applications (about three or four hours are gen-
erally required for absorption, reaction, and drying)
Brush and wash the surface with water shortly after the
last application has dried to remove incrusted salts that
can cause white stains.

Treatment with fluosilicates reduces dusting and
hardens the surface by chemical action. It increases
resistance to attack from some substances but does no
prevent such attack. With poor-quality concrete, the
treatment is not effective.

Concrete surfaces to be treated with fluosilicates
should not contain integral water-repellent agents be-
cause these compounds will prevent penetration of 1he
solution. Hardeners should not be used when paints are
to be applied because they result in poor adhesion of
many coatings. Also, hardened surfaces are difficult to
etch properly.

2. Sodium silicate (commonly called water glass).
Commercial sodium silicate is about a 40% solution. It
is quite viscous and must be diluted with water to secure
penetration, the amount of dilution depending on the
quality of the silicate and permeability of the concrete.
Silicate of about 42.5 degrees Baume diluted in propor-
tions of one-quarter part per part of water by volume
makes a good solution. Two or three coats should be
used. For tanks and similar structures. progressively
stronger solutions are often used for the succeeding
coats.

Each coat should be allowed to dry thoroughly before
the next one is applied. On horizontal surfaces the solu-
tion may be liberally poured on and then spread evenly
with mops, brooms, or brushes. Scrubbing each coat
with stiff fiber brushes or with scrubbing machines and
water after it has hardened will assist penetration of the
succeeding application. The treatment increases re-
sistance to attack from some substances but does not
prevent such attack.

3. Drying oils. Two or three coats of linseed oil may
be used as a protective treatment: boiled linseed oil
dries faster than raw oil and is used more commonly.
Linoleic acid, oleic acid, or straight tall oil also can be
used. Soybean oil and tung (China wood) oil can be
used, but costs of these oils fluctuate widely with the
commodities market.

The concrete should be well cured and at least 14
days old before the first application of a drying oil. If this

Protective Treatments

1. Magnesium fluosilicate or zinc fluosilicate. The
treatment consists generally of three applications.
Either of the fluosilicates may be used separately, but a

*These four terms are used interchangeably I this publication.

-Kuenning. William H.. Resistance of Portland Cement Mortar to
Chemcal Attack-A Progress Report, Bulietin RX204. Portland
Cement Association. 1966.
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is noi possible, the concrete should be neutralized by
applying a solution consisting of 3 oz of zinc chloride
and 5 oz of orthophosphoric acid (85% phosphoric acid)
per gallon of water (24:40:1000). After it is brushed on
the concrete, the solution should be allowed to dry for 4.8
hours. Any crystals that have formed.on the surface
should then be removed by fight brushing. This solution
should not be used on prestressed concrete.
Sometimes a magnesium fluosilicate treatment is also
applied to harden the surface before the oil treatment.

The oil treatment may be applied with mops, brushes,
or spray and the excess removed with a squeegee be-
fore the oil gets tacky. It is not wise to build up a heavy
surface coating. as penetration of the oil into the surface
is desirable. Diluting the oil with turpentine or kerosene
to obtain a mixture of equal parts gives better penetra-
tion for the first coat subsequent coatings may be di-
luted less. Careful heating of the oil to about 150*F
(6511C) and hot application to a warm surface also help
achieve better penetration. Each coat must dry thor-
oughly for at least 24 hours before the next application.
Drying oils tend to darken concrete.

4. Coumarone-indene. Available in grades from
dark brown to colorless, this synthetic resin is soluble in
xylol and similar hydrocarbon solvents and should be
powdered to aid dissolving. A solution consisting of
about 6 lb of coumarone-indene per gallon of xylol with
% pt of boiled linseed oil (3 kg coumarone-indene per
one liter xylol plus 0.02 L boiled linseed oil) makes a
good coating. Two or more coats should be applied to
fairly dry concrete. The coatings have a tendency to
yellow with exposure to sunlight but the yellowing does
not seem to affect the protective properties.

Coumarone-indene availability has been decreasing
for many years and current substitutes include hydro-
carbon resin polymers (hydrocarbon resins) and rosin-
based resins.

5. Styrene-butadiene. Styrene-butadiene copoly-
mer resins are available in various medium-strength
solvents, some faster drying than others. Three coats
are generally recommended, with the first coat thinned
for better penetration. Twenty-four hours should elapse
between coats, and a delay of 7 days is necessary for
thorough drying before the coated surface is placed in
service. These coatings tend to yellow with exposure
to sunlight.

Decorative styrene-butadiene coatings are widely
marketed as latex paints. They are usually not satisfac-
tory for protection against chemical attack because
latex paints generally do not form sufficiently imper-
meable films.

6. Chlorinated rubber. This treatment consists of a
trowel-applied mastic of heavy consistency up to A in.
(3 mm) thick, or multiple coats of specially formulated
lower-viscosity types can be brushed or sprayed on to a
maximum thickness of 10 mils (025 mm). An absolute
minimum of 5 mils (0.12 mm) (applied in two coats) is
recommended for chemical exposure.

In general, concrete should age for two months be-
fore this treatment. The concrete may be damp but not
wet, as excessive moisture may prevent adequate
bonding. It is advisable to thin the first coat, using only

the producer's recommended thinner (other thinners
may be incompatible). A coating dries tack-free in an
hour, but a 24-hour interval is recommended between
coats.

The applied coating is odorless, tasteless, and non-
toxic after it dries. Its strong solvents, however, may lifM
and destroy previously painted and aged coatings of oil
or alkyd base.

7. Chlorosulfonated polyethylene (Hypalon). Four
coats of about 2 mils (0.05 mm) each and an appropri-
ate primer are normally recommended to eliminate pin-
holes. Thinning is not usually required, but to reduce
viscosity for spray application, the producer's recom-
mended thinner should be used up to a limit of 10% of
the amount of coating used. Each coat dries dust-free
within 10 to 20 minutes and the treatment cures com-
pletely in 30 days at 70*F (21 *C) and 50% relative hu-
midity. A fill coat of grout or mortar is required since the
paint film will not bridge voids in the concrete surface.
Moisture on the surface may prevent good adhesion.

These coatings are expensive and must be applied
by trained personnel. They are not used where less
costly coatings are adequate.

8. Vinyls. Of the vinyls available, polyvinyl chloride,
polyvinyl chloride-acetate, and polyvinylidene chloride
are the ones used extensively in corrosion control. The
resins are soluble only in strong solvents. Due to the
high viscosity of the resins, only solutions of low solids
content can be made. Multiple coats are therefore re-
quired for adequate film thickness. Vinyls should gen-
erally be sprayed onto dry surfaces as their fast drying
(30 minutes) makes brush application difficult.

Viny chloride coatings make good top coatings for
vinyl chloride-acetate and others, but do not them-
selves adhere well directly to concrete.

Polyvinyl acetate latex (waterborne) copolymers are
widely available as decorative coatings but, like other
latexes, they are usually inferior to solvent-system
coatings for chernical resistance. In addition, the vinyl
acetate latexes (waterborne emulsions) are sensitive to
the free alkalinity of concrete and eventually break
down.

9. Bituminous paints, mastics, and enamels. As-
phalt or coal tar coatings may be applied cold (paints
and mastics in cutback or emulsion form) or hot (mas-
tics and enamels). Two coats are usually applied to
surface-dry concrete: a thin priming coat to ensure
bond and a thicker finish coat. The priming solution is of
thin brushing consistency and should be applied to
cover the surface completely any uncoated spots
should be touched up. When the primer has dried to a
tacky state, it is ready for the finish coat Multiple coats
should be applied at right angles to each other to ensure
continuity and avoid pinholes.

Emulsions are slower drying, more permeable, and
less protective than the other coatings. Cutbacks and
emulsions, if not completely cured, can impart odor or
flavor to materials with which they are in contact. The
producer's recommendations on service and applica-
tion temperatures should be strictly observed.

Bituminous mastics may be applied cold or heated
until fluid. Cold mastics are cutbacks or emulsions con-
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taur.g finely powdered siliceous mineral fillers. astes-
tos fibers, or bitumen-coated fabrics to form a very
thick, pasty.. fibrous mass. This mass increases the
coating's resistance to flowing and sagging at elevated
temperatures and to abrasion. Thin mastic layers, about
1 /32 in. (1 mm) thick, are troweled on and allowed to dry
until the required thickness has been obtained. Hot
mastics usually consist of about 15% asphaltic binder,
20% powdered filler, and the remainder sand, graded up
to %h-in. (5-mm) maximum size. They should be poured
and troweled into place in 1 -in.-thick (25-mm) layers.

Enamels should be melted. stirred, and carefully
heated until they reach the required application tem-
perature. If an enamel is heated above the producer's
recommended temperature, it should be discarded. If
application is delayed, the pot temperature should not
be allowed to exceed 375"F (1900C). When fluid, the
enamel should be applied quickly over tacky cutback
primer since it sets and hardens rapidly.

10. Polyester. These resin coatings are two- or
three-part systems consisting of polyester, peroxide
catalyst, and sometimes a promoter. The amount of
catalyst must be carefully controlled because it affects
the rate of hardening. The catalyst and promoter are
mixed separately into the polyester. Fillers, glass fab-
rics, or fibers used to reduce shrinkage and coefficient
of expansion compensate for the brittleness of resin
and increase strength.

Coatings with a 2- to 3-hour pot life generally cure in
24 to 36 hours at 751F (24*C). Shorter curing periods
require reduced pot life because of high heats of reac-
tion. Coatings are sensitive to changes in temperature
and humidity during the curing period. Some coatings
can be applied to damp surfaces at temperatures as low
as 500 F (100C). The alkali resistance of some polyes-
ters is limited. It is recommended that trained personnel
apply the coatings.

11. Urethane. These coatings may be one- or two-
part systems. A one-part system may be moisture cured
or oil modified. The coatings that cure by reacting with
moisture in the air must be used on dry surfaces to pre-
vent blistering during the curing period. Oil-modified
coatings dry by air oxidation and generally have the
lowest chemical resistance of the urethane coatings.

Two types of the two-part system are also available:
catalyzed and polyol cured. Catalyzed coatings have
limited pot life after mixing and cure rapidly. For polyol-
cured coatings, the mixture is stirred well and allowed to
stand for about one-half hour before use; it should have
a pot life of about 8 hours. Polyol-cured coatings are the
most chemically resistant of the urethane coatings but
require the greatest care in application.

All urethane coatings are easily applied by brush,
spray, or roller. For immersion service in water and
aqueous solutions, it may be necessary to use a primer
and the urethane producer should be consulted. Satis-
factory cure rates will be attained at relative humidities
of 30% to 90% and temperatures between 500 and
100F (100 and 380C). Lower temperatures will retard
the rate of cure.

The principal disadvantages of urethane coatings are
the very careful surface preparation needed to ensure

adhesion and the ditficulty in recoating unless the colt-
ing is sanded. Multiple coats should be used and an in-
ert filler added if air voids are present on the concrete
surface (the coatings are unable to span air voids).

12. Epoxy. These coatings are generally a two-
package system consisting of epoxy resin-which may
be formulated with flexibilizers. extenders. diluents, and
fillers-and a curing agent. The coating properties are
dependent on the type and amount of curing agent
used. The common curing agents suitable for room-
temperature curing are amines, polyamines. amine
adducts. polyamides, polysulfides, and tertiary amines.

The single-package coatings are epoxy esters that
are generally inferior to the two-package epoxies in
chemical resistance. They require an alkali-resistant
primer and are not recommended for immersion
service. Some epoxy formulations are 100% solids and
others are solution coatings. The formulator's
recommendations should be followed in selecting the
right system for the protection needed.

It is also desirable to follow the formulator's recom-
mendations for the best application procedures, tem-
peratures, and allowable working life. Generally. three
coats must be applied to eliminate pinholes: glass flake
may also be used to bridge pinholes. Contact with epoxy
resins or hardeners can cause skin irritation or allergic
reactions, and proper protection, as recommended by
the manufacturer, is necessary.

Epoxy liners may be formed with reinforcement such
as woven fabrics, mats, or chopped glass fiber. For ex-
ample, on concrete that may expand or contract signifi-
cantly due to temperature or moisture changes, an iso-
lation layer of two-component polysulfide joint sealant
of the self-leveling type is troweled over the surface to
form a 1 /32-in.-thick (1 -mm) layer of synthetic rubber.
As soon as the rubber has cured, the epoxy coating is
applied with a roller to a film thickness of 10 mils (0.25
mm). Then fiberglass cloth is spread over the wet epoxy
coating and pressed into it. A second epoxy coating is
applied immediately to embed the fiberglass.

There are epoxy systems that cure at temperatures
of 40*F (50C) or less, bond to damp surfaces, and will
cure even if flooded with water immediately after appli-
cation.

13. Neoprene. These coatings may be one- or two-
part systems. The one-part system is used as a thinner
film than the two-part and generally has a lower chemi-
cal resistance. It cures slowly at room temperature and
some curing agents may limit its shelf life. The two-part
system may require a holding period between mixing
and application.

To allow evaporation of water from the concrete, ap-
plication of either system should not begin for at least 10
days after removal of the forms. Some coatings require
primers while others are self-priming. Adhesion is often
improved by application of a diluted first coat to in-
crease penetration of the surface. Each coat should be
sufficiently solvent-dry before the next application;
however, if it becomes too fully cured, it may swell and
lose adhesion. Three coats, 2 to 3 mils (0.025 to 0.038
mm) each, are normally recommended to eliminate the
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possibility of pinholes. For immerson service, mi.dry thickness should be 20 mils (0.5 mm).
14. Polysuffide. These coatings may be one- or two-part systems. They do not harden with age and they re-main rubbery over a broad temperature range. Thickcoats o120 to 25 mils (0.5 to 0.62 mm) can be applied atone time. For the one-part system, atmospheric mois-ture serves as the curing agent. when humidities arelow, curing can be hastened by spraying with a finewater mist. The two-part system usually has a pot life of30 to 45 minutes and becomes tack-free overnight.

15. Coal tar-epoxy coatings are classified in threemain types according to epoxy resin content high-resincoatings for dry thicknesses of 15 mils (0.38 mm)medium-resin coatings for integral linings of concretepipe: and low-resin coatings for building nonsaggingbarriers up to 40 mils (1 mm) thick. The first type re-quires a special primer and its thickness is achieved intwo coats. The other types do not require primers andmay be applied in a single coat, but they require a relatively long cure time. Some coal tar-epoxy resin coat-ings are catalytically cured with a hardener or with bothhardener and catalyst.
Coal tar-epoxy coatings are a two-package system.A combination of coal tar, filler, solvent, and epoxy resinmay be in one package and the curing agent (common-ly amine, polyamine, amine adduct, polyamide, or ter-tiary amine) in the other. These- two packages are us u-ally mixed in a ratio of 20:1 or 10:1, but the ratio may belower. The coal tar, filler, solvent and curing agent mayalso be blended together to make up one package andthe epoxy resin kept separate for the other package.These two packages are generally mixed in a ratio of3:1. The packages must be proportioned correctly tosecure proper cure and chemical resistance. Storagelife of the blends can vary from six months to two years,depending on formulation.

It is important that the two packages be thoroughly
mixed. and power agitation is strongly recommended.Mixing small quantities is not advisable. Insufficientmixing will be revealed only after the coating has cured.For some coatings, a one-half -hour waiting period be-tween mixing and application is desired. Pot life is gen-erally 3 to 4 hours at 70*F (21 *C). but it may vary fromseveral minutes to 8 hours, depending on solvent con-tent and formulation.

Some coal tar-epoxy coatings should not be appliedat temperatures below 50"F.(10eC),or when there isdanger of their becoming wet within 24 hours of appli-cation. However, there is a coal tar epoxy that can beapplied at temperatures lower than 401F (50 C) that willnot te harmed by becoming wet immediately after ap-plication and can be recoated even after several weeks.Spray applications generally result in better coverage.However, the sides of a short, stiff bristle brush or along-nap roller may be used. The second coat should
be applied within 48 hours to prevent adhesion prob-Iems between coats. If the first coat dries at air tempera-tures above 75"F (240C). the producer's maximumrecommended time between coats must be observed
These coatings should not be put into service until aminimum of. 5 days' curing time has elapsed.

1 7f6-Vr
115. CQremical-resistant masonry units and mor-

tars. Three basic types of chemical-resistant masor-yunits are available:-Type H brick, generally fire clay'.Type L brick, generally shale: and carbon an graphnebrick, intended for use where additional chemical re-sistance is required. Types H and L brick showconform to Standard Specifications for Chemica:.Resistant Masonry Units (ASTM C279).
Brick thickness generally varies from 1 %/ to 31K in(30 to 100 mm), depending upon severity of serviceconditions. Brick surfaces should be scored or wire cu!(matte texture). The brick must, of course, be laid umortar that is also chemical resistant
The chemical resistance of mortars may be evalu-ated by the Standard Test Method for Chemical Resist-ance of Mortars (ASTM C267). The more commonlused chemical-resistant mortars may also be usedalone, without masonry units, to form thick coatings,usually applied by trowel. These mortars are:

a. Asphaltic and bituminous mortars-for use over a
limited range of low temperatures. Some are sand-
filled, others are not. They may be applied either asmastics that depend upon evaporation of solvent oras hot-melt compounds.

b. Epoxy resin mortars-two- or three-part systemswith either amine or polyamide curing agents. Theyshould conform to Standard Specifications forChemical-Resistant Resin Mortars (ASTM C395) CXStandard Specification for Resin Chemical-Resistant
Grouts (ASTM C658). For instructions on their usesee the Standard Recommended Practice for Use ofChemical-Resistant Resin Mortars (ASTM C399).

c. Furan resin mortars-should conform to ASTM C395or C658. They require a primer to ensure satisfactoryadhesion to concrete. For their use, see ASTM C399.
d. Hydraulic cement mortars-For instructions on theiruse, see the Standard Practice for Use of HydraulicCement Mortars in Chemical-Resistant Masonry

(ASTM C398).
e. Phenolic resin mortars-should conform to ASTMC395. For instructions on their use, see ASTM C399.
f. Polyester resin mortars-should conform to ASTMC395. Their resistance to strong chemicals is limitedbut they will withstand mildy oxidizing solutions suchas bleaches. For instruction on their use, see ASTMC399.
g- Silicate mortars-should conform to Standard Speci-fications for Chemically Setting Silicate and SilicaChemical-Resistant Mortars (ASTM C466). For in-structions on their use, see the Standard Practice forUse of Chemically Setting Chemical-Resistant Sili-cate and Silica Mortars (ASTM C397).
h. Sulfur mortars-should conform to Standard Speci-fications for Chemical-Resistant Sulfur Mortar

(ASTM 0287). For instructions on their use, see theStandard Recommended Practice for Use ofChemical-Resistant Sulfur Mortars (ASTM C386).
A bed of mortar and an impervious membrane liningare usually placed between the masonry lining and theconcrete. Rubber and vinyl sheets or properly primed
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and hot-applied %-in -thC:C (10-mm) asphaltic rn.,

nals. both plain and glass clom reinforced. are preferred
for the membrane lining, depending on the corrosive
substance. The primer should conform to Standard
Specifications for Primer for Use with Asphalt in
Dampproofing and Waterproofing (ASTM D41), except
that the asphalt content should not be less than 35% by
weight. Floor slabs that are to receive a masonry lining
should have a smooth wood-float finish. A slab having a
steel-trowel finish may be too smooth for adhesion of
the asphaltic membrane.

17. Sheet rubber. Soft natural and synthetic rubber
sheets IA to !i ih. (3 to 12 mm) thick may be cemented
to concrete with special adhesives. Sometimes two
layers of soft rubber are used as a base, with a single
layer of hard rubber over them.

Chemical-resistant synthetics available as sheeting
are neoprene, polyvinylidene chloride-acrylonitrile,
plasticized polyvinyl chloride, polyisobutylene, butyi,
nitrile, polysulfide, and chlorosulfonated polyethylene
rubbers.

18. Resin sheets. Synthetic resins, particularly poly-
ester, epoxy, and polyvinyl chloride, are available as
sheet materials. These sheets are not referred to in the
tables but may be used wherever comparable resin
coatings are recommended. They are often glass fiber
reinforced and may be cemented to concrete with spe-
cial adhesives.

19. Lead sheet. In the United States, lead sheet used
for chemical resistance is called chemical lead. The
sheets should be as large as possible (to minimize the
number of joints) but not too heavy to handle-the thin-
nest sheet may be as large as 8x20 ft (2.5 x 6.0 M).
Thicknesses range from 1/64 to 12 in. (0.4 to 12 mm).
Lead may be cemented to concrete with an asphaltic
paint. Each sheet should be overlapped and the seam
welded by conventional lead-burning techniques. If the
lead is to be subjected to high temperatures, it may be
covered with chemical-resistant masonry to reduce
thermal stresses.

20. Glass. Two types have been used for corrosion
resistance: high-silica glass and borosilicate glass.
Borosilicate glass, the more alkali-resistant material, is
recommended because alkalies in concrete may cause
glass etching. Glass may be cemented to the concrete.
Thermal shock is often a cause of failure in glass-lined
structures.
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Adapted (with a few modifications) from Reference 1
Footnotes appear at the end of each table.

ACIDS
Material Effect on concrete Protectre trae~rr

Acetic
< 10 % Slow disintegration

30% Slow disintegration

100% (glacial) Slow disintegration

Acid waters
(pH of 6.5 or
less)

Arsenious

Boric

8utyric

Carbolic

Carbonic (soda
water)

Chromic:
5%

5C%

Formic:
10%

90%

Humi c

Hydrochloric:
10%

37%

Hydrofluoric:
10%

75%

Hypochlorous.
10%

Lactic, 5%

Nitric:
2%

40%

Oleic, 100%

Oxalic

Perchioric, 10%

Phosphoric:

Slow disintegration.- Natural
acid waterS may erode surf ace
mortar but then etion usuaLly
atops

None

Negligible efect

Slow disintegration

Slow disintegration

0.9 to 3 ppm of carbon
dioxide dissolved In natural
w*atrs d"sintegrat concrt,"e
slowly

None'

None

Slow disintegration

Slow disintegration

Slow disintegration possible.
depending on humus material

Rapid disintegration, including
steel

Rapid disintegration. including
steel

Rapid disintegration, including
steel

Rapid disintegration. including
steel

Slow disintegration

Slow disintegration

Rapid disintegration

Rapid disintegration

None

No disintegration. It protects
concrete against acetic acid.
carbon dioxide, and salt wTr.
POISONOUS, it must not be
used on concrete in contact
with food or drinking water.

Disintegration

Slow disintegration

1. 2. 9. 10. 12.14.
16 (b. c. e. f. &.1,
9. 10. 14. 16 Ic. a.
g I

9, 16 (*. gI

1. 2. 3.6 6. . S. 1C.
11. 12. 13. 16 L.=. c.
a. f, g, h), 17

2. 6 7. 8, 9. 1. 12.
13. 15. 16 (b. c. 0. f
,. hI, 17. 19

3.4.8 a. 9. 10.12. 1E
(b. C. a. fI)

1. 2. 16 (c. c. s. 17

2. 3. 4. 8. 9, IC 12.
13. 15. 16 (b,-. f
hi, 17

2. 6, 7, S. 9. 1C 16
(f, g. h), 19

16 (g), 19

2. 5. 6, 7. 10. IZ 13.
16 (b. c. e. g). -

2. 7. 10. 13. 16
(C. a. g). 17

1. 2. 3. 9. tO. 12.
15. 16 (b. c. e,

2. 5.6,7. 8. S 10.
12. 14, 16 (b. c. *.

f. g, hi, 17. 1S 20
5. 6. 8, 9. 10. 16 (c
a, f, g, h)

5.6 . 7. 8. 9.12. 1E
(carbon and gra
brick; b. c, a. -.. 1

16 (carbon a
graphite beict a. h
17

5. . 9, 10. 16 f.

3.4, 5. 7. 8.9 10

(b. c. e. f. g. f . 17

6. 8. 9. 10. 13, 16
f, g. h>, 20

8. 16 1g)

8. 10.16 (.. S.

1. 2. 3. 5 6. 7 i
10. 11. 12. 1- 14
15. 16 (b. c.e f.
h). 17, 19
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St oeric

ifuric:
10%

110%
(oleum)

Sulfurous

Tannic

Tartaric.
solution

Slow Os'.terson

Rapid disintegration

Rapid disintegration

Dintegration

Rapid disintegration

Slow disintegration

None. See wins under
"MisceiieneouL.--

Ferrocyanride,
sodium

Fluoride:Ammonium

Sodium
Fluoeliicate,

magnsumn

1. 2. 3, 5. 7, 8. 9.
10. 13, 14. 15. 16
(. C. *-f, I, h). 17, 19
5. 6, 8. 9. 10. 11
12. 13, 15. 16 (b. c.

a. f, g. h). 17

5, 6, 7, 8. 9. 10. 12.
13. 14. 15. 16 (b. c,

a. f- .- h). 17, 19. 20
16 (g), 19

6. 7. 9. 10. 11. 12, 13.
16 (b.c. a. h), 19 .
20
1. 2. 3. 6. 7. 8. 9. 10.
11. 12. 13. 16 (b. c. a.
g). 17

*in porous or cracked concrete. it attacks eCause concrete to "if. It1 -. Steel corrosion may

SALTS AND ALKALIES (SOLUTIONS).
Material Effect on Conereti Protective tmeatrnents

Bicarbonate:
Ammonium None
Sodiu m - one

Bisuifate:
Ammoni.
um'* Disintegration 5. 6. 7. 8.9 10 11Sodium5,.7,,9,1,1,

Sisulfite:
Sodium

Calcium
(suifite
Solution)

Bromide,
sodium

Carbonate:
Ammonium
Potassium
Sodium

Chloride:
Calciuml
Potassium
Sodiumt
Strontium
Ammonium
Cooper
Ferric (iron)
Ferrous
Magnesium
Mercuric
Mercurous
Zinc
Aluminum

d e1rnate,
Lodiurm
,. nide:

Ammonium
Potassium
Sodium

ironumti-
4dlum

Disintegration

Rapid disintegration

Slow disintegration

None

Slow disintegration

None. unless concrete is
alternately wo and dry
with the solution-

Slow disintegration**

Rapid disintegration**

None

Slow disintegration

Slow disintegration with dilute
solutions

Potassium Disintegration

12. 13, 14, 15, 16
b. C. 0, 1. h), 17

5. 6. 7, 8. 9, 10, 12.
13. 16 (b. c. e, f, h).
17
7. 8. 9, 10, 12. 13,
16 (b. c. e. f, h), 17

1, 2. 5. 6, 7. 8, 9,
10, 11, 12. 13, 14,
16 (b, c, e. f, h), 17

1. 4, 6. 7, 8, 9, 10,
16 (f. g. h) 17, 19

1 3. 4 5. 6 7 8 9
10. 11, 12. 13. 15,
16 (b. c, a, 1, g. h),
17

1. 3.4, 5. 6. 7, 8, 9.
10. 11, 12, 13, 15.
16 (b, c, 0, f, g, h).
17

1. 3, 4. 5, 6. 7, 8, 9,
10, 11. 12, 13, 15.
16 b C. , f, h), 17

7. 8. 9. 10, 12. 13
16 (b. C). 17

1, 2.6. 7.8.9, 10,
11, 12. 13, 15, 16
(b. c. e. f. h), 17
1.2.6. 7, 8,9. 10,
11, 12. 13. 15. 16
1b. C.. f, h). 17

8

Hexamertahos. Slow disintegrationPhoto, sodium

Slow disintegration

None

Hydroxide:
Ammonium
Barium
Calcium
Potassaum.

16%t t
Sodium,

10%t t
Potassium, Disintegration. Use of Caicr.

25% 0,0428s aggregate lessens attack.
Sodium. 20% I

1706-K E

None

Nitrate:
Calcium
Ferric
Zinc

Lead

Magnesium
PotassiumSodium

Ammonium

N tr it,
sodium

Orthophosphete.
sodium (dibe-
sic and triba.
sic)

Oxalute,
ammonium

Pe*rbor.

Sodium
Perchlorate,

sodium

Permangenste,
Potassium

Persulfate,
Potassium

Phosphate,
sodium (mono.
basic)

Pyrophosphate,
sodium

Stannate,
sodium

Sulfate:
Ammonium

Aluminum
Calcium
Cobalt
Copper

F erricFerrous
(iron vitri-
oIl)

Magnesium
(epsom salt)

Manganese
Nickel
Potassium

Potassium
aluminum
(alum)

Sodium
Zinc

Sulfide:Copper

FerrlcPotassium

5. 7. 8. 10. 12. 13. 14.

15. 1 6 (carbon andgraphite brick, b. c).17

N one

Slow disintegretion

Disintegration* I

Slow disintegrction

None

2. 5. 6. 7. 8. 9, 10.
11, 12. 13, 16 (b. c.

10, ; g. h). 17, 20
2. 5. 6. 8, 9. 10, 11,
12. 13, 16 (b, c.e
f. g. h). 17, 20

1. 2. 5. 6. 7. 8. 9. 10.
12. 13. 16 (b. C). 17

Slow disinetegration

Slow disintegration

None

Disintegration of concrete
with inadequata sufate
resistance

Slow disintegration

1, 4 7, 8. 9, 10. 13.
16 (d, f, ,g, h) 17

6, 7. 8, 10. 16 (f.

hi, 17

1. 2, 5, 7. 8. 9. 10,
12. 13. 16 (b. c. a,
f. h). 17
5. 6. 7. 8. 9. 10. 12.
15. 16 (b.c). 17

None

None

Disintegration**

Disintegration of concrete
with Inadequate sulfate resist.
anca. Concrete products cured
in high-presaure steam are
highly resistant to sulfates.

DisIntegration of concrete with
inadequate sulfate resistance.
Co ncrete products cured in
high-preeaure Steam are highlyr"Sitnt to sulfates,

None unlesa sulfates are pres- 7. 8. 9, 10. 12, 13.
ant 15, 16 (b. c., a. f h),

17

5. 6. 7. 8, 9. 10. 11.
12. 13, 14, 15. 16
(b. c. 0, f, g. h), 17

1, 3. 4. 5. 6, 7, 8, 9.
10, 11, 12. 13, 15
16 (b. c. a. 1, g, h)
17

1, 3. 4, 5. 6. 7. B. 9
10, 11. 12. 13. 15
16 (b. c. a, f, 9. h).
17

)
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3. 4. S. 9. 10. 13 16
(a. c. a. hi. 17

5. 6. 7. 8. 9. 10 12 13
15. 16 (b. c. e). 17

No no

None

I

I
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Sodium Sio- disintegration

Ammonium Disintegration

1ullte:
Sodium None unless sulfates are pram-

ent

Ammnlluifl Disintegration

Supevph osphate.
ammo nium

7etraborate,
sodium (borax)

Disintegration, -

Slow disintegration

Theosuif ate:
sodium Slow disintegration of concrete

with Inadequate sulfate rasIst.
ance

Ammonium DisintegratIon

6. 7. 8. 9, 10. - . .
13. 15. 16 (b. c). 17
7. 8. 9. 10. 12. 13. 15.
16 (a. b. C. a). 17

1, 2. 5. 6. 7. 8. 9. 10.
11. 12. 13. 15. 16
(b. c. s). 17
8. 9. 10. 12. 15.
16. (b. C. 0. h). 17

8, 9. 10. 12. 13. 15.
16 (b. C. 4). 17. 19

5. 6. 7, 8. 9. 10. 11,
12. 13, 15. 16 (b.
c.a.f1.g9,h). 17

1. 2. 5. 6. 7. 8. 9.
10, 12, 13. 15. 16
(b.c. 0), 17
8.9, 12, 13. 15, 16
(b. C. 0). 17

-Dry materials generally huve no effect.
1*ln porous or cracked concrete, it attacks $teel. Steal corrosion may

cause concrete to &poll.
tFrequently used as a dc-Icr for concrete pavements. If the concrete

contains insufficient entrained air or has not been air-dried for at least 30

days after cornpletion of curing. repeated application may cause surface

scaling. See de-icers under "Miscellaneous."

Itif concrete is made with reactive aggregates. disruptive expansions

may occur.

PETROLEUM OILS

Material Effect on concrete Protective trsetrments

4eavy oil below N35 Baum None
?araffin I
Gasoline
KerosenE
Light oil above

350 Boum'
Ligroin
Lubricating oil'
Machine oil
Mineral spirits

Gasoline. high
octane

None. Impervious concrete
is required to prevent loss
from penetration, and surface
treatments are generally used.

None. Surface treatments
are. generally used to prevent
contamination with alkalies in
concrete.

1, 2. 3. 8. 10. 11.
12. 14, 16 (b. c. 0,
f). 17, 19

10. 11. 14. 17

-May contain some vegetable or fatty oils and the concrete should be

protected from such oils.

COAL TAR DISTILLATES

Material Effect on concretb Protectie reitments

Alizarin
Anthracefle
Carbazole None
Chrysen
Pitch

Benzol
(benzene)

Cumoal
(cu me ne

Plienanthrenei
Tolual

(toluene)
Xylol

(xylene)

Crosote
Creaol

. Dinitroahenioi
Phenol, 5%-25%

None. Impervious concrete is
ruredt prevent loss from

penetratI on and surface trat-
ments are generally used.

Slow disintegration

1. 2. 11. 12. 16
(b. C. e. 1. 9). 19

SOLVENTS AND ALCOHOLS

Mzaril I

Carbon
tetrachloride

maNone*

Ethyl alcohol None' (see de-icers under
. . "Miscellneous')

Ethyl ether
Methyl alcohol

Methyl ethyl
ketone

Methyl lsoamyl
ketone

Methyl Isobutyl

None*

None*

None-

None'

None*

Perchloroethylain None*

t-Butyl alcohol None'

Trichloroethylene None*

Acetone

Carbon disulfide

Glycerin
(glycerol)

Ethylene
glycol"

None.* However, acetone may
contain acetic acid as impurity
(see under "Acids").

Slow disintegration possible

Slow disintegration possible

Slow disintegration

Nono*

-impervious concrete is required to prev.ent kom from penetration.

and surfsc treatments are generally used.
-*Frequently used as do-icer for airplanes. Heavy spillage on con-

crate containing insufficient entrained air may cause surface scaling.

VEGETABLE OILS

Matarial Effect on concrete Protective townnts

Flosin and
rosin oil

Turpentine

Almond
China wood*
Linseed'
Olive
Peanut
Poppy seed
Soybean'
Tung'
WaInut

Margarine

Castor
Cocoa bean
Cocoa butter
Coconut
Cottonseed
Mustard
Rapeseed

Mild attack and considerable
penetration

Slow disintegration

Slow disintegration-frter
with melted margarine

Disintegration, especially if
exposed to air

1. 2. 10. 11. 12. 14.
16 (b. C. a)

1. 2.- 8, 10. 11, 12.
14. 16 (b. c. a. f).
17. For expensive
cooking oils, use 20.

1, 2, 8, 10, 11. 12.
13, 16 (b. c. e. f)

1. 2. 8. 10, 11, 12.
14, 16 (b. c. e. 11.17

Applied in thin coats, the material Quickly oxidizes and ha no

effect. The effect indicated above is for constarn exposure to the rm.etial
in liquid form.

1. 2. 16 (c. e. g). 17.
19
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; Protective trutrnentsE I ct on concrato

1. 2, 10. 12. 16 Mb.
c, a. g)
1,2. 5. 7, 10. 12.
13. 14. 16 (b. c. a.I, g. hi. 17. 19

11. 12. 16 (c. a). 19

1. 2. 5, 7, 10, 12.
13. 14, 16 (b. c. e.
1, 9. hi. 17. 19

16 (c. a). 17, 19

16 (c, a). 17

16 (c. a). 17

12. 16 (b. c. a)

1, 2. 5. 7. 10. 12.
13. 14, 16 (b. c. e. f.
g, h), 17, 19

1. 2. 12, 16 (b. c.e.
9) 1

1. 2. 16 (c. e. g). 17.
19

1, 2. 11. 16 (c. a)
1. 2. 3. 4. 7. 10. 11.
12. 13. 16 (b. c. e.
I. g). 17

1. 2. 7. 10. 12. 13.
14. 16 (b, ce. f. .
h). 17

None

9



FATS AND F ATTY ACIDS (ANIMAL)

Mate'lal Effect on cocrete Protectwe treatments

Fish liquor Disintegration 3. 8, 10. 12. 13. 16
(b, C. e. .) 17

'Ish oll Slow disintegroton with most 1, 2. 3. 8. 10. 12.
fish oils 13. 16 (b, . e. f).

17
Whale oil Slow disintegration 1. 2. 3. 8, 10, 12.

13. 16 (b, c, e. fl,
17

Neatvfoot ol Slow disintegration 1, 2. 3. 8. 10. 12,
Tallow and 13, 16 (b. c. ., f).

tallow oil 17

Beef fat Slow disintegrtion with solid 1, 2. 3. 8, 10. 12.
Horse fat Int-faster with melted 13, 16 (b. c.. ),
Lamo fat 17

Lard and Slow dtsIntegrtion-faster with 1, 2, 3. 8, 10, 12.
Lard oll all 13. 16 (b. c. a, f).

17

Slaughterhouse Disintegration cse to organic 8. 10. 12. 13. 16
wastes acids (b. C. 0)

MISCELLANEOUS

Materiel Effect on concrrte Protective treabmernt

Alum See sulfate Potasium alumi.

Ammonia:
Liquid

Vapors

Cold

Hot

Automobile and
diesel exhaust
gases

Baking soda

Beer

BleachIng
solution

Borax (satt)

Brine

Bromine

luttermilk

num, under "Saftk and Alka-
lies"

None. unless it contains harm-
ful ammonium salts (see under
"Sats and Alkalies")
Possible slow disintegration of
moist concrete and steel
attacked In porous or cracked
moist concrete

Harmful if wet when sulfides.
and sulfates leach out (see sul-
fate, sodium, under "Saftz and
Alkalies'")
Thermal expansion

Possible disIntagration of
moist concrete by action of
carbonic, nitric, or sulfurous
acid (see under "Acids")

None

No progressive disintegrstion,
but In beer storage and fer-
mrinting tanks a special coat-
Ing is used to guard against
beer contaminatdon. Beer may
contain. as fermentation prod-
ucts. acetic. carbonic, lactic, or
tannic acids (see under "Ac-
ids").

See the specific chemical, such
as hypochlorous acid. sodium
hypochlorIte, sulfurous acid.

See tetraborete. sodium, under
"Setts and Alkaies"

See chloride, sodium, or other
salts under "Salts and Alka-
lies

Disintegration If bromine
gaseous-or If a liquid contain-
Ing hydrobromic acid and
moisture

Slow disintegration due to
lactic acid

8, 9, 10, 12, 13, 16
(a. b. c. f). 17

1. 2. 3. 8. 9. 10. 12.
13. 16 (b. c. e)

16 (calcium alumi-
nats cement. fire-
clay, and refractory-
silicate-clay
mortacs)

1. 5. 8. 10. 12. 16
(b. C. e)

8. 10. 11. 12. 16 (b.
c. I). 17. coatings
rnade and applied by
Borsari Tank Corp.
of Amenca. 122 E.
42nd St. New York.
N.Y. 10017

1706-KE
Carbon dioxide

Caustic soda

Chile saltpetar

Chlorine g-

Chrome plating
solutlone

Cider

Cinders cold
and hat

Coal

Coke

Copper plating
solutions

Corn syrup
(glucose)

Distiller's slop

Fermenting
fruits. grains,
vegetables, or
extracts

Flue gases

Formaldehyde, .
37% (formalln)

Fruit juices

Gas water

Glyceryl
tristearate

Honey

Hydrogen sulfide

10, 13, 16 (f, g)

2. 3. 4. 7. 8. 9, 10,
11. 12. 13. 16 (b.
c. e. f). 17

Iodine

Lead refining
solution

4/24/87, Rev. 0 - -
Gas may case perms- . 1, 2, 3. 6 % . IC
shrinkage. See carbonic acdo 11, 12. 11. 15 16
under "Acidk." (b. c. e. 1. h), 17
See hydroxide. sodium, under
"Seits and Alkale'*

See nit-s, sodium. under
Saelts and Alkalee*

Slow disintegratIon of moist
concrete

Slow disintegration

Slow disintegration. See acetic
acid under "Acids."

See ashes above

None. unless coal Is high In
pyrttes (sulfide of Iron and
moIsture. Sulfides leeching
from damp coal may oxidize
to sulfurous or sulfuric acid, or
ferrous sulfate (see under
"Acid" and "Salts and
Alkalles"). Rats is greatly re-
tarded by deposit of an Insolu-
ble film.

Sulfides leachIng from damp
coke may oxidize to sulfurous
or sulfuric acid (see under
"Aclds").

N one

Slow disintegration

Chlorides (calcium and
sodium), urea. and ethyl
alcohol cause scaling of non-
air-entrained concrete.

Slow disintegrstion due to
lactic acid

Slow disintegration. Industrial
fermentation processes pro-
duce Lactic acid (see under
"Acids").

Hot gases (400-11000 F.)
cause thermal stresses. Cooled,
condensed sulfurous, hydro-
chloric acids disintegrate con-
crete slowly.

Slow disintegration due to
formic acid formed In solution

Little if any effect for most
fruit iuices as tartaric and
citric acids do not appreciably
affect concrete. Sugar and
hydrofluoric and other acids
cause disintegration.

Ammonium salts seldom pres-
ent in sufficient quantity to
disintegrate concrete

None

None

Slow disintegration in moist
oxidizing environnents where
hydrogen sulfide converts to
sulfurous acid

Slow disintegration

Slow disintegration

2. S, 9, 10, 16 (f. s
17

7. S. 9, 10. 16 (f. li.
20

1. 2. 9, 10. 12. 14.
16 (b. c. a, f, 9). 17

1. 2. 3. 6. 7. 8. 9.
10. 12. 13, 16 (b.
c. e. 11). 17

1. 2. 3. 6. 7. 8. 9.
10. 12. 13. 16 (b.
c. e. h)

1. 2. 3. 7. 8. 9. 10. 12.
13. 16 (b. C. e). 17

50% solution of
boiled linseed oil
In kerosene, soy-
bean oil, modified
castor oil, cotton-
seed oIl, sand-filled
epoxy. or coal-tar
epoxy

1. 8. 9. 10, 12, 13.
15. 16 (b, c, a. f. h),
17

1. 2. 3. 8. 9. 10. 12.
16 (b. c. e). 17

9 (high melting), 16
(g, fireclay mortar)

2. 5. 6. 8, 10. 11.
12. 13, 14. 16 (b. c.
a. f. g. h), 17. 20

1, 2. 3. 6. 7. 8. 9.
10. 11. 12. 16 (b
c. e). 17

9. 10. 12. 16 (b. ci

1, 2. 5, 6. 7, 8, 9.
10. 11, 12, 13, 16
(b, c, a, f, g, h). 17.
19

1.2. 6. 10. 12. 13. 16
(b. c. e. g). 17
1. 2. 6. 8. 9. 10. 12. 16
(carbon and grapr.is
brick; b. C. e. h). 17
20
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Lignite oils

Lye

enure

Mash, fermenting

Milk

Mine water.
waste

Molasses

Nickel plating
solutions

Niter

Ores

Pickling brine

Sal ammoniac

Sal soda

Saltpeter

Sauerkraut

Sea water

Sewage and
sludge

Silage

Sodium
hypochiorite

Sugar (sucrose)

Slow disintegrwtiOn if fatty oils
present

See hydroxide. sodium and
potassium. under "Salts end
Alkalies"

Slow disintegration

Slow disintegration due to
acetic and lactc acids and
Sugar

None. unless milk is sour. Then
lactic acid disintegrates con.
crate slowly.

Sulfides. sulfates, or acids pres-
ent disintegrate concrete and
attack steel In porous or
cracked conrcrte

Slow disintegration at tempera-
tureme120 F

Slow disintegration due to
nickel ammonium sulfate

See nitrate. potassium, under
"Salts and Alkalles"

Sulfides leaching from damp
ores may oxidize to sulfuric
acid or ferrous sulfate (see
under "Acids" and "Salts and
Alkalies")

Steel attacked In porous or
cracked concrete. See salts.
boric acid, or sugar.

See chloride. ammonium, under
"Salts and AlkalleS"

See carbonate, sodium, under
"Salts and Alkalies"

See nitrate, potassium, under
"Salts and Alkalies"

Slow disintegration possible due
to lactic acid. Flavor impaired
by concrete.

Disintegration of concrete with
inadequate sulfate resistance
and steel attacked in porous or
cracked concrete

Usually not harmful. See hydro-
gen sulfide above.

Slow disintegration due to
acetic. butyric. and lactic acids.
and sometimes fermenting
agents of hydrochloric or
sulfuric acids

Slow disintegration

None with dry sugar on thor-
ougniyc~re r ~='.--.oughly cured cocee g

solutions may disintegrate
concrete slowly.

Sulfite liquor Disintegration

Sulfur dioxide None if dry. With moisture.
sulfur dioxide forms sulfurous
acid.

1 706-KE
b. c. e. f)

1. 2. 8. 9. 10. 12. 13.
6 (b. C. 0)

1. 8, 9. 10, 12. 13.
16 (b. c)

3. 4. 8, 9. 10, 11.
12, 13. 16 (b. c. f).
17

1. 2. 5. 8, 9. 10. 12.
13, 15, 16 (b. c. .
f. h). 17

1. 2. 7. 8. 9. 10- 12.
13. 16 (b. c. 0). 17

2. 5, 6. 7. 8. 9. 10.
13. 16 (c e. fil. 17

2. 9, 10, 12, 13, 15.
16 (b. c.. f. 0). 17

1. 7. 8. 9. 10. 12. 13.
16 (b. c. e. h). 17

1.2.8 9. 10. 12.
13. 16 (b. c, e. f).
17

1. 2. 5. 6. 7. S. 9.
10, 11, 12. 13. 14,
15, 16 (b. c. a. f0.17

3, 4, 8. 9. 10, 12.
16 (b. c. a. 1)

7. 8. 9, 10. 13. 16
(d. f0. 17

1. 2. 3. 7. 8. 9. 10.
12, 13. 15. 16 b. c,
e, 0. 17

1.2.3. 5.6.8.9.
10b, 12. 13. 16 (b. C.
a. f, h). 17,19

2.5.6. 8.9.10. 12.
13, 16 (b. c.. . 9.
h), 17. 19

(j75 porn o.
carbonate
hardness)

Whey

Wine

Wood pulp

Zinc refining
solutions

Zinc slag

4/24/87, Rev. 0
,. , . - - .s of

cracked C:...

Slow disintegration due to
Lactic acid

None-but taste of first wine
batch may be affected unless
co-crete has been given tartaric
acid treatment

None

Disintegration If hydrochloric
or sulfuric acids present

Zinc sulfate (oe. under "Salts

and Alkalies") may be formed
by oxidation

.16 i t). c. 4 . .
17

3, 4. 5, 7, 8. 9. 1C
12. 13, 16 lb. c. a.
f, h). 17

For line wines 2 of
3 appocalions W t'-
laric acid soluti0"(1 lb tli'titiC E4:'c

in 3 pints vi'lr 2
8. 10. 12. 16 (Ib r.

8. 9. 10. 12. 13. 16
(b. c, 0. f. hi. 17

8, 9. 10. 12, 13 16
(b, c. a. f. h), 17

Tanning bark Slow disintegration possible If
damp. See tanning liquor be.
low.

Tanning liquor None with most liquors. Includ-
Ing chromium. If liquor is acid,
it disintegrates concrete.

Tobacco Slow disintegration if organic
acids present

Trisodium None
phosphate

Ursa

Urine

Vinegar

Washing soda

None (ee de-icers)

None, but steel attacked In
porous or cracked concrete

Slow disintegration due to
acetic acid

None

1. 2. 3. 6. 8. 9. 10.
11. 12. 13. 16 (b. c.
e). 17
1. 2. 3. 5. 6. 8. 9. 10.
11. 12. 13. 16 (b. c.

e.17

1, 8, 9, 10, 12. 13.
16 (b, c, 0. fl. 17

7. S. 10. 12. 13. 16
(b. c. e)
9. 10. 12. 16 lb.
c. e, h). 17
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Sources of Products To Protect Concrete
Against Aggressive Substances* 1706-KE 4/24/87, Rev. n

1. Magnesium and Zinc
Fluosilicates or Magnesium
Silicofluoride
American Cyanamid Company
Industrial Chemical Division
Berdan Avenue
Wayne, N.J. 07470

American Fluoride Corporation
17 Huntington Place
New Rochelle. N.Y. 10801

Davison Chemical Division
W. R. Grace & Company
P. O. Box 2117
Baltimore. Md. 21203

Devoe/Truscon
Division of Celanese
Coatings Company

Box 1863
Louisville, Ky. 40201

W. R. Grace and Company
of Canada Ltd.

294 Clements Road West
Ajax. Ont. LIS 3C6

Harshaw Chemical Company
1933 East 97th Street
Cleveland, Ohio 44106

Hummel Chemical Company. Inc.
Harmich Road
South Plainfield. N.J. 07080

Sika Canada Inc.
601 Delmar Avenue
Pointe Claire. Que. H9R 4A9

Sika Corporation
Box 297
Lyndhurst. N.J. 07071

Sonneborn Building Products
Division of Contech, Inc.
7711 Computer Avenue
Minneapolis, Minn. 55435

Toch Bros. Inc.
350 Hanley Ind. Ct.
St. Louis. Mo. 63144

2. Sodium Silicate
American Cyanamid Company
Industrial Chemical Division
Berdan Avenue
Wayne. N.J. 07470

Ashland Chemical Company
Industrial Chemicals &

Solvents Division
Box 2219
Columbus, Ohio 43216

Chemical Products Corp.
48 Atlanta Road
Cartersville. Ga. 30210

Diamond Crystal Salt Company
916 South Riverside
St. Clair. Mich. 48079

E. I. DuPont de Nemours &
Company. Inc

Chemicals. Dyes & Pigments
Department

Wilmington. Del. 19898

National Silicates Limited
429 Kipling Avenue
P. O. Box 69
Toronto. Ont. M8V 3S7

The PO Corporation
P. 0. Box 840
Valley Forge. Pa. 19482

Philipp Brothers Chemicals. Inc.
1221 Avenue of Americas
New York. N.Y. 10020

Sonnebom Building Products
Division of Contech. Inc.
7711 Computer Avenue
Minneapolis, Minn. 55435

3. Drying Oils (Linseed)
Commercially available locally.

4. Coumarone-indene and
Hydrocarbon Resins
Allied Chemical Canada Ltd.
237 Hymus Boulevard
Pointe Claire. Oue. H9R 1G3

Hercules. Inc.
910 Market Street
Wilmington. Del. 19899

Neville Chemical Company
1938 Neville Island
Pittsburgh. Pa. 15225

5. Styrene-Butadiene
Borg-Warner Chemicals
Division of Borg-Warner
Company

International Center
Parkersburg. W. Va. 26101

Dow Chemical
P.O. Box 1012
Sarnia. Ont. N7T 7K7

Dow Chemical U.SA.
1400 East Touhy Avenue
Des Plaines. II. G0018

Federal Intemational
Chemicals

1191 South Wheeling Road
Wheeling. I1. 60090

Goodyear Tire & Rubber Company
Chemical Division
1144 East Market Street
Akron. Ohio 44316

Imperial Oil Ltd
111 St. Clair Avenue W
Toronto. Ont. M5W 1K3

Koppers Company. Inc.
Organic Materials Group
Koppers Building
Pittsburgh. Pa. 15219

Ploysar Limited
201 North Front Street
Sarnia, Ont. N7T 7V1

8. Chlorinated Rubber
Chemical Manufacturing
Company. Inc.

Subsidiary of Imperial Chemical
Industries Ltd.

2412 Eads
Los Angeles. Calif. 90031

Federal International Chemicals
1191 South Wheeling Road
Wheeling, 11. 60090

Hercules. Inc.
910 Market Street
Wilmington. Del. 19899

Koppers Company. Inc.
Organic Materials Group
Koppers Building
Pittsburgh, Pa. 15219

7. Chlorosulfonated
Polyethylene (Hypalon)
E. 1. DuPont de Nemours &
Company, Inc.

Polymer Products Department
Elastomers Division
1007 Market Street
Wilmington. Del. 19898

8. Vinyls
American Paint Corporation
P. 0. Box 6065
Duluth. Minn.

Ameron Protective Coatings
Division

201 North Berry Street
Brea, Calif. 92621

Atlas Minerals and Chemicals, Inc.
Farmington Road
Mertztown, Pa. 19539

Bate Chemical Company
160 Lesmill Road
Don Mills, Ont. M3B 2T7

'This list is furnished to assist in locating various products and does not imply Portland Cement Associatio.
endorsement or approval.

The list represents firms that make only the basic materials as well as firms that make finished produc's Firms
that make only basic materials are wiliing to supply names of their customers that make the finished proOicts.
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Borden Chemica's
Division of Borden Company
595 Coronation Drive
West Hill. Ont. MIE 4R9

Bor den Chemicals
Western Div. of Borden Company
1550 Rand Avenue
P. 0. Box 58098
Vancouver. B.C. V6P'6C5

Borden Chemical Company
511 Lancaster Street
Leominster. Mass. 01453

Canadian Industnes Ltd.
P. 0. Box 10
Montreal. Cue. H3C 2R3

Carboline Company
350 Hanley Industrial Court
St. Louis, Mo. 63144

Ceilcote Company
140 Sheldon Road
Berea. Ohio 44017

Celanese Plastics and
Specialties Company

Resins Division
P. 0. Box 8248
Louisville. Ky. 40208

E. 1. DuPont de Nemours &
Company. Inc.

Polymer Products Department
Elastomers Division
1007 Market Street
Wilmington. Del. 19898

Essex Chemical Corporation
Specialty Chemicals Division
One Crossman Road
Sayreville. N.J. 08872

Ethyl Corporation
330 South 4th
Richmond. Va. 23219

H. B. Fuller Canada Inc.
88 Industrial Boulevard
Boucherville. Que. J4B 2X2

Gates Engineering Company. Inc.
100 South West Street
Wilmington. Del. 19899

B. F. Goodrich Canada Ltd.
409 Weber West
Kitchener. On. N2H 481

B. F. Goodrich Chemical Group
6100 Oak Tree Boulevard
Cleveland, Ohio 44131

Kopper Company. Inc.
Organic Materials Group
Koppers Building
Pittsburgh. Pa. 15219

PPG Industries
Coatings and Resins Division
50 St. Clair Avenue W
Toronto. Ont. M4V 1M9

PPG Industries. Inc.
Coatings & Resins Division
Manufacturers of Pittsburgh Paints
One Gateway Center
Pittsburgh, Pa. 15222

Plas-Chem Corporation 1 706-KE
6302 Bartmer industrial urive
St Louis. Mo. 63130

.Polysar Limited
201 Norm Front Street
Samia. Ont. N7T 7V1

Reichhold Chemicals. Inc.
525 North Broadway
White Plains. N.Y. 10603

Reichhold Limited
600 The East Mall
Islington. Ont. M9B 4B1

Stauffer Chemical Company
Plastics Division
Nyala Farm Road
Westport. Conn. 06880

St. Lawrence Resin Products Ltd.
350 Wentworth Street. N
Hamilton. Ont. L8L 5W3

Union Carbide Corporation
Plastics Division
270 Park Avenue
New York, N.Y. 10017

U. S. Stoneware Company
5300 East Tallmadge Avenue
Akron. Ohio 44309

9. Bituminous Paints,
Mastics, and Enamels

Ameron Protective Coatings
Division

201 North Berry Street
Brea. Calif. 92621

Almatex Limited
P. 0. Box 2274. Terminal 'A'
London. Ont N6A 4ES

Apco industries Co. Ltd.
10 industrial Street
Toronto. Ont. M4G lZI

Atlas Minerals and
Chemicals. Inc.

Farmington Road
Mertztown. Pa. 19539

Bapco Paint Ltd.
13151 - 80th Avenue
P. 0. Box 9011
Surrey. B.C. V3T 4Y4

Barber Asphalt Paving Company
Barber. NJ.

W. A. Briggs Bitumen Company
c/o IPA Systems. Inc.
2743 N. Amber Street
Philadelphia. Pa. 19134

Buckeye Paint & Varnish Company
3117 Darlington Road
Toledo. Ohio 43606

Building Products of Canada Ltd.
10500 Coter de Liesse. Suite 200
Lachine: ue. H8T 3E3

Canadian industries Ltd.
Paints Division
P. O. Box 10
Montreal. Cue. H3C 2R3

Ceilcote Company
140 Sheldon Road
Berea. Ohio 44017

4/24/87, Rev. 0
F U UOX 00.
Valley Forge. Pa 19482

Chevron Asphalt Ltd
4,3 Industrial Street
Toronto. Ont. M4G 1Z2

DeSoto Coatings Ltd.
120 - 24th Street
Toronto. Ont. M8V 3P1
Devoe-Truscofl
Div. of Celanese Coatings Company
Box 1863

Louisville. Ky. 40201

Domtar Chemicals Group
395 de Maisonfeuve Boulevard. W
P.O0. Box 7212
Montreal. Oue. H3C 3M3

E. 1. DuPont de Nemours & CoJnc.
Fabrics & Finishes Department
Wilmington. Del 19898

Elsro Asphalt Ltd.
12944 - 148th Street
Edmonton. Alta. TSL 2H8

Flintkote Company of Canada Ltd.
P. 0. Box 160. Station 'N
Toronto. Ont. M8V 3T4

Glidden Coatings & Resins
Division of SCM Corporation
900 Union Commerce Building
Cleveland. Ohio 44115

Glidden Company
Division of SCM (Canada) Ltd.
351 Wallace Avenue
Toronto. Ont. M6P 3N9

Gulf Canada Ltd.
800 Bay Street
Toronto. Ont. M5S 1Y8

Hercules. Inc.
910 Market Street
Wilmington. Del. 19899

Insul-Mastic & Building Products
586 W. 6th Avenue
Vancouver. B.C. V5Z IA1

International Paints (Canada)
6615 Park Avenue
Montreal, Que. H2V 4P6

Johns-Manville
Building Systems Division
Ken-Caryl Ranch
Denver. Colo. 80217

Koppers Company. Inc.
Organic Materials Group
Koppers Building
Pittsburgh. Pa. 15219

Mulco Inc.
2835 Grande Allee
St. Hubert. Cue. J4T 3K3

Maintenance. Inc.
P. 0. Drawer 408
Wooster. Ohio 44691

PPG industries. Inc.
Coatings & Resins Division
Manufacturers of Pittsburgh Paints
One Gateway Center
Pittsburgh. Pa. 15222
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.P-as-Chern Corporation
6302 Bartmer Industrial Drive
St. Louis. Mo 63130
Reilly Tar & Chemical Corporation
151 North Delaware Street
Indianapolis. Ind. 46204

Reliance Paint Company
401 Wythe Avenue
Brooklyn. N.Y. 11211

RPM Canada
12 Finley Road
Bramalea. Ont. L6T 1A9

Rulon Company
Div. of Colonial Industries. Inc.
Linwood & Pine Avenues
Maple Shade. N.J. 08052

Set Products (Canada) Ltd.
55 Livingston Road. Penthouse 4
Scarborough. Ont. M1E 1K7

Sika Corporation
Box 297
Lyndhurst. N.J. 07071

Societe Chimique Laurentide Inc.
4650 -12th Avenue
Shawinigan South, P. 0. Box 367
Que. G9N 6V1

Sonnebom Building Products
Division of Contech. Inc.
7711 Computer Avenue
Minneapolis. Minn. 55435

Spicers Asbestos
95 East - 1st Avenue
Vancouver, B.C. V5T 1A2

Sterling Varnish
5 - 9 Philip Street
P. 0. Box 554
St. Catharines. Ont. L2R 6X1

Sternson Ltd.
22 Mohawk Street
P. O. Box 130
Brantford. Ont. N3T 5N1
Stonhard Company
One Park Avenue
Maple Shade. N.J. 08052

Technical Coatings Company Ltd.
1164 Walkers Line
Burlington. Ontario L7M 1V2

Toch Bros.. Inc.
350 Hanley Ind. Ct.
St Louis, Mo. 63144

Victo Mix Alsfib Inc.
87 Avenue Pie X
Victoriaville. Que. G6P 6W2

Witco Chemical Company
277 Park Avenue
New York. N.Y. 10017

Zophar Mills, Inc.
112 - 26th Street
Brooklyn, N.Y. 11232

10. Polyester
Allied Chemical Corporation
Fibers and Plastic Company,
1411 Broadway
New York. N.Y. 10018

Allied Ch. . 1706-KE
237 Hymus E.
Pointe Claire. "-e H9R 1G3

American Cyana-nid Company
Plastics &.Resins Division
Berdon Avenue
Wayne. N.J 07470

Archer Daniels Midland Company
4666 Fares Farkoray
Decatur. I1. 62526

Ashland Chemicals Company
2620 Royal Windsor Drive
Mississauga. Ont. L5J 4E7

Ashland Chemical Company
Polyester Division
Box 2219
Columbus. Ohio 43216

Atlas Chemical Industries. Inc.
5-35 47th Avenue
Long Island City. N.Y. 11101

Augusta Fiberglass Coatings, Inc.
P. 0. Drawer 1265
Barnwell. S.C. 29812

Bate Chemical Company
160 Lesmill Road
Don Mills. Ont. M3B 2T7

Canadian Industries Ltd.
P. 0. Box 10
Montreal. Cue. H3C 2R3

Ceilcote Company
140 Sheldon Road
Berea. Ohio 44017

Celanese Plastics and
Specialties Company

Resins Division
P. 0. Box 8248
Louisville. Ky. 40208

Cook Paint & Varnish Company
P. 0. Box 389
Kansas City. Mo. 64141

Corrosioneering. Inc.
Box 12
Grafton, Ohio 44044

DeSoto Chemical Coatings, Inc.
1700 South ML Prospect Road
Des Plaines. Ill. 60018

DeSoto Coatings Ltd.
120-24th Street
Toronto. Ont. M8V 3P1

Dudick Corrosion-Proof
Manufacturing Inc.

Box 139
Macedonia. Ohio 44056

Durez Plastics and Resins Division
Dunlop Street
Fort Erie. Ont. L2Z 5M6

Fiberglass Canada Ltd.
3080 Yonge Street
Toronto. Ont. M4N 3N1

Fiberplast Products Ltd.
6888 Burlington Avenue
Burnaby. B.C. V5J 4H1

Freeman Chemical Corporation
222 East Main Street
Port Washington. Wis. 53074

4/24/87, Rev. 0

900 Union Commerce Building
Cleveland. Ohio 44115

Glidden Company Ltd.
351 Wallace Avenue
Toronto. Ont. M6P 3N9

Guardsman Chemical Coatings, Inc
1350 Steele Avenue. S.W
Grand Rapids, Mich 49507

Interchemical Corporation
Finishes Division
1255 Broad Street
Clifton. N.J. 07015

Koppers Company. Inc.
Organic Materials Group
Koppers Building
Pittsburgh. Pa. 15219

Polysar Ltd.
201 North Front Street
Sarnia. Ont. N7T 7V1

PPG Industries. Inc.
Coatings & Resins Division
Manufacturers of Pittsburgh Paints
One Gateway Center
Pittsburgh. Pa. 15222

Reichhold Chemicals Inc.
525 N. Broadway
White Plains. N.Y. 10603

Reichhold Limited
600 The East Mall
Islington, Ont. M98 481

Rigiline Corporation
Box 338
Brunswick. Ohio 76710

Rohm & Haas Company
10 Pelham Parkway
Pelham Manor. N.Y. 10803

Sherwin-Williams Company
P. 0. Box 6027
Cleveland. Ohio 44101

Union Carbide Canada Ltd.
123 Eglinton Avenue. E
Toronto. Ontario M4P 1J3

Union Carbide Corporation
Plastics Division
270 Park Avenue
New York. N.Y. 10017

Uniroyal Chemical
Erb Street
P. 0. Box 250
Elmira. Ont. N38 3A3

11. Urethane
Allied Chemical Corporation
Specialty Chemicals Division
Box 1087
Morristown, N.J. 07960

Allied Chemical Canada Ltd.
237 Hymus Boulevard
Pointe Claire. Que. H9R 1G3

Archer Daniels Midland Company
4666 Faries Parkway
Decatur. Ill. 62526
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CarboArie Company
350 Hanley industrial Court
St Louis. Mo 63144

Ceilcote Company
140 Sheldon Road
Berea. Ohio 44017

Cook Paint & Varnish Company
P. 0. Box 389
Kansas City. Mo. 64141

DeSoto Chemical Coatings
120 - 24th Street
Toronto. Ont. M8V 3P 1

DeSoto Chemical Coatings. Inc.
1700 South Mt. Prospect Road
Des Plaines. Ill. 60018

E. 1. DuPont de Nemours &
Company. Inc.

Fabrics & Finishes Department
Wilmington. Del. 19898

Dutch'Boy Coatings Group
Division of Dutch Boy, Inc.
2325 Hollins Ferry Road
Baltimore. Md. 21230

Essex Chemical Corporation
Specialty Chemicals Division
One Crossman Road
Sayreville. N.J. 08872

Federal International Chemicals
1191 South Wheeling Road
Wheeling. Ill. 60090

Gates Engineering Company. Inc.
100 South West Street
Wilmington. Del. 19899

B. F. Goodrich Chemical Group
6100 Oak Tree Boulevard
Cleveland. Ohio 44131

B. F. Goodrich Company. Ltd.
409 Weber West
Kitchener. Ont. N2H 481

Hughson Chemicals
Division of Lord Corporation
P. 0. Box 1099
Erie, Pa. 16512

Koppers Company. Inc.
Organic Materials Group
Koppers Building
Pittsburgh, Pa. 15219

PPG Industries. Inc.
Coatings & Resins Division
Manufacturers of Pittsburgh Paints
One Gateway Center
Pittsburgh, Pa. 15222

Plas-Chem Corporation
6302 Bartmer Industrial Drive
SL Louis. Mo. 63130

Reichhold Chemicals Inc.
525 North Broadway
White Plains. N.Y. 10603

Reichhold Limited
600 The East Mall
Islington. Ont. M9B 4B1

Spencer Kellogg
Division of Textron. Inc.
100 Delaware Avenue
Buffalo. N.Y. 14240

I 706-KE
Sonnet: - .in n-iuucts

Division : ..c-.rech. Inc
7711 Computer Avenue
Minneapolis. Minn 55435

Tennant Company
701 North Lilac Drive
Minneapolis. Minn 55440

12. Epoxy
Celanese Plastics &

Specialties Company
1065 West Hill Street
Louisville. Ky. 40208

Ciba-Geigy Corporation
Resins Department
Ardsley. N.Y. 10502

Dow Chemical Company
Plastics Division
2020 Dow Center
Midland. Mich. 48640

Dow Chemicals Ltd.
P. O. Box 1012
Sarnia. Ontario N7T 7K7

Dutch Boy Coatings Group
Division of Dutch Boy. Inc.
2325 Hollins Ferry Road
Baltimore. Md. 21230

Federal International Chemicals
1191 South Wheeling Road
Wheeling. I1. 60090

Henkel Corporation
4620 West 77th Street
Minneapolis. Minn. 55435

Koppers Company. Inc.
Organic Materials Group
Koppers Building
Pittsburgh. Pa. 15219

PPG Industries. Inc.
coatings & Resins Division
Manufacturers of Pittsburgh Paints
One Gateway Center
Pittsburgh. Pa. 15222

Polysar Ltd.
201 North Front Street
Sarnia. Ont N7T 7V1

Reichhold Chemicals Inc.
525 North Broadway
White Plains. N.Y. 10603

Reichhold Limited
600 The East Mall
Islington. Ont. M98 4B1

Shell Chemical Company
Division of Shell Oil Company
One Shell Plaza
Houston. Tex. 77001

Union Carbide Corporation
Plastics Division
270 Park Avenue
New York, N.Y. 10017

R. T. Vanderbilt Company. Inc.
30 Winfield Street
Norwalk, Conn. 06855

4/24/87, Rev. 0
13. Neoprene
E I DuPont de Nemo.,s &
Comoany. Inc

Polymer Products Decalnent
Elastomers Division
1007 Market Street
Wilmington. Del. 19895

14. Polysulfide
Thiokol Chemical Co-:xration
P 0 Box 8296
Trenton. N.J. 08650

15. Coal Tar-Epoxy
Koppers Company. Inc
Organic Materials Grouc
Koppers Building
Pittsburgh. Pa. 15219

U. S. S. Chemicals Cornpany
Division of U. S. Stee
600 Grant Street
Pittsburgh. Pa. 15230

16. Chemical-Resistant
Masonry Units and Mqrtars,
Toppings, or Overiays
Masonry Units Category
American Olean Tile C.
100 Cannon Avenue
Lansdale. Pa. 19446

Ameron Protective Coatngs Div.
201 North Berry Stree:
Brea. Calif. 92621

Atlas Minerals and Criemicals. Inc.
Farmington Road
Mertztown. Pa. 19539

Belden Brick Company
700 Tuscarawas Wes:
Canton. Ohio 44701

Birmingham Clay Procucts Company
2 Office Park Circle
Birmingham. Ala. 35223

C. C. Chemicals Ltd
Thomhill. Ont

Carborundum Compa-y
Refractories and Electronics Div.
P. 0 Box 367
Niagara Falls. N.Y. 14302

Ceilcote Canada Ltd
Mississauga. Ont.

Cerlcote Company
140 Sheldon Road
Berea. Ohio 44017

Collier Company
2200 Brownsville Road
Pittsburgh. Pa. 15210

Corrosion Engineerin Div,
Pennwalt Corp
3 Parkway
Philadelphia. Pa 1912

General Refractories Company
50 Monument Road
Bala Cynwyd. Pa 19J4
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A' P. (:reeri Fire Brick Company
1108 East Breckenridge Street
Mexico. Mo 65265

Hanley Company
691 Summerville Street
Summerville. Pa. 15864

Harbison-Walker Refractories Co.
2 Gateway Center
Pittsburgh, Pa 15222

Madison Chemical Industries Ltd.
Milton. Ont.

Maurice A. Knight Company
P. 0. Box 109
Akron, Ohio 44309

Mulco Inc.
St. Hubert. Que. J4T 3K3

National Carbon Company
Division of Union Carbide Corp.
270 Park Avenue
New York, N.Y. 10017

Plibrico Company
1800 Kingsbury Street
Chicago. Ill. 60614

Richland Shale Brick Company
P. O. Box 1433
Mansfield. Ohio 44901

Rulon Company
Division of Colonial
Industries, Inc.

Linwood & Pine Avenues
Maple Shade. N.J. 08052

Saureisen Cements Company
RIOC Industrial Park
160 Gamma Drive
Pittsburgh, Pa. 15238

Set Products (Canada) Ltd.
Scarborough. Ont. M1E 1K7
Sika Corporation
P. 0. Box 297
Lyndhurst N.J. 07071

Stebbins Engineering
and Manufacturing Company

363 Eastern Boulevard
Watertown. N.Y. 13601

Stemson Limited
Brantford. Ont. N3T 5N 1
Stonhard Company
One Park Avenue
Maple Shade. N.J. 08052

Summitville Tiles. Inc.
Summitville, Ohio 43962

U. S. Stoneware Company
5300 East Tallmadge Avenue
Akron. Ohio 44309

Watkins Brick Company
P. 0. Drawer B
Ensley Station
Birmingham. Ala. 35218

1706-KE
Mortars, Toppings, and Overlays
Category
Ameron Protective Coatings Div
Colgate Avenue
Buffalo. N-Y. 14220

Atlas Minerals and Chemicals Inc.
Farmington Road
Mertztown. Pa. 19539

C. C. Chemicals
Thornhill. Ont.

Ceilcote Canada Ltd.
Mississauga. Ont.

Ceilcote Company
140 Sheldon Road
Berea, Ohio 44017

Charlotte Chemical Lab. Inc.
5046 Old Pineville Road
Charlotte. N.C. 28210

Corrosion Engineering Div.
Pennwalt Corp.
3 Parkway
Philadelphia. Pa. 19102

Madison Chemical Industries Ltd.
Milton, Ont.

Maurice A. Knight Company
P. O. Box 109
Akron, Ohio 44309

Mulco Inc.
St. Hubert. Que. J4T 3K3

Pocono Fabricators
Div. of Patterson-Kelley-Harsco
Corporation

Box 458
East Stroudsburg, Pa. 18301

Plibrico Company
1800 Kingsbury Street
Chicago. 111. 60614

Saureisen Cements Company
RIDC Industrial Park
160 Gamma Drive
Pittsburgh. Pa. 15238

Set Products (Canada) Ltd.
Scarborough. Ont. M1E 1K7

Sika Corporation
P. 0. Box 297
Lyndhurst. N.J. 07071

Stebbins Eng. and Mfg. Co.
363 Eastern Boulevard
Watertown. N.Y. 13601

Sternson Limited
Brantford. Ont. N3T SN1
Stonhard Company
One Park Avenue
Maple Shade, N.J. 08052
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17. Sheet Rubber (Nat':"zl
and Synthetic)
Ameron Protective Coatings Div.201 North Berry Street
Brea. Calif. 92621

Atlas Minerals and Chemicals Inc .
Farmington Road
Mertztown. Pa 19539

Boston Woven Hose &
Rubber Division

American Biltrite Rubber Co.. Inc
P. 0. Box 1071
Boston. Mass. 02103

Ceilcote Company
140 Sheldon Road
Berea. Ohio 44017

Exxon Chemical Company USA'
P. 0. Box 3272
Houston. Tex. 77001

Gates Engineering Company. Inc.
100 South West Street
Wilmington. Del 19899

Gates Rubber Company
999 South Broadway
Denver. Colo. 80217

Goodall Rubber Company
P. 0. Box 8237
Trenton. N.J. 08650

B. F. Goodrich Eng. Prod. Group
500 South Main
Akron. Ohio 44318

Goodyear Tire & Rubber Co. Inc.
Industrial Products Division
P. O. Box 52
Akron. Ohio 44309

Heil Process Equipment Corporation
12950 Elmwood Avenue
Cleveland, Ohio 44111

Uniroyal. Inc.
World Headquarters
Production Information Center
Middlebury. Conn. 06749

U. S. Stoneware Company
5300 East Taltmadge Avenue
Akron. Ohio 44309

18. Resin Sheets
Ameron Protective Coatings Division
201 North Berry Street
Brea. Calif. 92621

Atlas Minerals and Chemicals Inc.
Farmington Road
Mertztown. Pa. 19539

Carboline Company
350 Hanley Industrial Court
St. Louis, Mo. 63144

Ceilcote Company
140 Sheldon Road
Berea, Ohio 44017

Provides the rubDel raw material only
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B F Goorich Eng Products Group
500 South Mpin
Akron. Ohio-' 318

Heil Process Equipment Corporation
12950 Elmwood Avenue
Cleveland. Ohio 44111

Maurice A Knight Company
P. 0. Box 109
Akron. Ohio 44309

Rulon Company
Div. of Colonial Industries. Inc.
Linwood & Pine Avenues
Maple Shade. N.J. 08052

Sonneborn Building Products
Division of Contech. Inc.
7711 Computer Avenue
Minneapolis. Minn. 55435

U. S. Rubber Company
Royalite Plastic Products
2634 North Pulaski Road
Chicago. Ill. 60639

U. S. Stoneware Company
5300 East Tallmadge Avenue
Akron, Ohio 44309

Canadian Manufacturers of:
Polyethylene Sheet
Federal Plastics Mfg. Ltd.
5100 Fisher Street
Montreal. Oue. H4T 1J5

Plastiques GM Lt~e
3655 Boulevard Losch
SL Hubert. Cue. J3Y 5T7

Plastalene Corporation Mfg. Ltd.
675 Simonds Street
Granby, Cue. J2J 1C2

Polyvinyl Chloride Sheet
Borden Chemical
Div. of the Borden Co. Ltd.
595 Coronation Drive
West Hill. Ont. MiE 4R9

Canadian General Tower Ltd.
52 Middleton Street
P. O. Box 160
Cambridge. Ont. N1 R 5T6

Goodyear Canada Inc.
Plastic Films Division
450 Kipling Avenue
Toronto. Ont. M8Z SE1
Stauffer Chemical Company
of Canada Ltd.

207 New Toronto Street
Toronto. Ont. M8V 2G2

TCF of Canada Limited
P. O. Box 159
Cornwall. Ont. K6H 5S9

ABS Sheet
Federal Piastics Mfg Ltd.
Montreal. Cue HAT 1J5

Plastalene Corporation Ltd.
Granby. Cue. J2C 1C2

Plastioues GM Ltee
3655 Boulevard Losch
St. Hubert. Cue. J3Y 5T7

Acrylic Sheet
Acrylco Mig Ltd.
711 Derwent Way. Annacis Island
New Westminister. B.C. V3M SP9
Chemacryl Plastics Ltd.
73 Richmond Street. W. - Suite 500
Toronto. Ont. M5H 2A2

Genesta Manufacturing Ltd.
551 Imperial Road
Guelph. Ont. NIH 6R1
K-S-H Canada Ld.
1810 Steeles Avenue E.
Bramalea. Ont. L6T 1A7

Plastalene Corporation Ltd.
675 Simonds Street
Granby. Oue. J2J 1C2

Rohm and Haas Canada Ltd.
2 Manse Road
West Hill. Ont. M1E 3T9

Fberglass-Reinforced
Plastic Sheet
Atlas Asbestos Company Ltd.
5600 Hochelaga Street
Montreal. Cue. H1N IW1

Graham Products Limited
Box 2000
Inglewood.. Ont. LON 1 KO

Polystyrene Sheet
Federal Plastics Mfg. Ltd.
5100 Fisher Street
Montreal. Cue. H4T 1J5

Plastalene Corporation Ltd.
675 Simonds Street
Granby. Cue. J2J 1C2

Polypropylene Sheet
Federal Plastics Mig. Ltd.
5100 Fisher Street
Montreal. Cue. H4T 1J5

Plastalene Corporation Ltd.
675 Simonds Street
Granby. Que. J2J 1 C2

19. Lead Sheet
Commercially available locally.
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20. Glass
Ceramco. Inc. Chemists
171 Ridge Street
Newark. N.J. 07104

Corning Glass Works
Technical Products Division
80 Houghton Park
Corning. N.Y. 14830

Pfaudler Company
Div. of Ritter Plaudler Corp
West Avenue & Clark Street
Rochester. N.Y. 14630

PPG Industries. Inc.- Glass Div.
One Gateway Center
Pittsburgh. Pa. 15222

Owens-Illinois. Inc.- Kimble Div.
P.O. Box 1035
Toledo. Ohio 43666
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64 ISE RIES
SWINAG-OUT BALL VALVES

A.A

IL.

The WHITEY "60" Series Swing-Out Ball Valves fill
the need for compact, reliable, full flow ball valves
adaptable to a variety of piping systems. The new
three-piece design offers a simple swing-out feature
for fast, easy, low-cost maintenance. The special seat
design provides leak-tight sealing at both high and ,. v
pressures.

Applications are found in all types of on-off service
where high capacity and quick, positive shut-off are
required. Chemical plants, refineries, power plants, lab-
oratories and most manufacturing plants are typical
users of the WHITEY"60" Series Swing-Out Ball Valves.
Applications in the process industries include latex lines,
acid lines, treated water lines, inert gas lines and glue
lines. Other industrial applications include natural gas,
steam lines, pa. lines, sprinkler systems, use on tankers,
gas manifolds, and hydraulic and air lines of all types.

01973.1977.182 MARKAD SERViCE CQ/aI ngss reserved

Rotate the directional handle 1/4 turn from full open
to full leak-tight closure. Operating torque is low at all
service pressures. The rugged handle stops against
the body to maintain alignment of the ball and achieve
full flow through the valve. Pneumatic operators, both
double acting and spring return models, provide re-
mote actuation.

Engineered for Easy Maintenance
Fast, Swing-out Design - Maintenance is quick and
simple and can be accomplished without removing the
valve from the system. Remove the one black bolt and
loosen the other three nuts. Swing the body (center
section) out and perform the required maintenance of
the seats or cleaning. Swing the body back in and replace
the black bolt and tighten all nuts. Note that the flange
faces are flat so all maintenance can be done without
moving the piping. Each valve is a union. (Complete
maintenance information is covered on the "Service
Instructions" sheet supplied with each valve).

WHITEY CO.. 318 Bishoo Road . Hiahland P"h, Ohio 44143

1706-KE
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Vok "60" SERIES SWING-OUT BALL VALVEZ

HANDLE LOCK NUT

GLAND, CEF

VIRGIN TE
TFE SEAL

Engineered for Safety

Adjustable Three-piece Stem Packing - The virgin TFE
packing, seal is supported top and bottom by ceramic
filled TFE deformable glands. This system prevents ex-
trusion of the virgin TFE seal and promotes long cyclelife. The packing is easily adjusted with the valve on-
stream. Simply hold the stem with the handle, loosen thelock nut and adjust the gland nut. Retighten the lock nut.

Seal Service Kit - WHITEY Seal Service Kits can be
used on either brass or stainless steel valves to reduce
user inventories. This kit contains replacements for all
wearing parts; the ball seats with coned disc springs,
stem packing and flange seals. A spare flange nut is in-
cluded for convenience. Other spare parts are available
upon request.

Engineered for Flexibility
Variety of End Connections - "60" Series valves are
available with a variety of end connections. Several
sizes of pipe and tube socket weld ends are standard.
The three-piece swing-out design is ideally suited to
welded systems. The center body section, including all
sealing elements can be easily removed during welding
to prevent heat damage. After welding the swing-out
design allows easy maintenance.

TYPE OF END CONNECTION

Female NPT Pipe Socket Weld TS oK Wed

1/2" 1/2" 1/2", 3/4"

"65" 3/4", 1" 3/4", 1" 1"

Choice of Seat Materials - TFE seats are standard in
all valves. Delrin seats are also available in "63" Series
valves for use in applications such as high pressure
block valves. The Delrin offers better resistance to cold
flow at higher pressures.
Air Operated Models - 90' Double Acting Air Oper-ators are available for all "60" Series Swing-Out Ball
Valves. Addi rally, 900 Spring Return, either Normal-
ly Open or Normally Closed operators are availablefor the "63" Series Valves. (See Air Operated BallValves data sheet in Air Operated Valves subsectionof Master Catalog Binder.)

STEM

SHOULDER

THRUST
WASHER

n--

Blowout Proof Stem - The stem is installed from the
inside of the body. A shoulder on the stem rides against
a thrust washer which i§ supported by a shoulder in the
body. Thus the stem cannot be blown out by internal
pressure surges, nor can it be removed accidentally byremoving external nuts or fasteners. This.provides an
extra margin of safety in critical systems.

- - -11

.i

Clamping Bolts Exposed for Safety - High tensile bolts
clamp the flanges to the body. Three of the plated bolts
are exposed to permit inspection for environmental cor-
rosion. Of the three, only the black bolt need be removed
when maintenance is required. The exposed bolts are
protected from installation damage by a wrench pad on
the body.

VALVE
SERIES

63"

iLAND NUT

ORMABLE -
AMIC FILLED
GLAND
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HANDLE LOCK NUT

3LAND NUT

GLAND. CEF AC FILLED

VIRGINTFE GLAND

TFE SEA

Adjustable Three-piece Stem Packing - The virgin TFEpacking seal is supported top and bottom by ceramic
filled TFE deformable glands. This system prevents ex-trusion of the virgin TFE seal and promotes long cyclelife. The packing is easily adjusted with the valve on-stream. Simply hold the stem with the handle, loosen thelock nut and adjust the gland nut. Retighten the lock nut.

Seal Service Kit - WHITEY Seal Service Kits can beused on either brass or stainless steel valves to reduce
user inventories. This kit contains replacements for all
wearing parts; the ball seats with coned disc springsstem packing and flange seats. A spare flange nut is in-
cluded for convenience. Other spare parts are available
upon request.

Engineered for Flexibility
Variety of End Connections - "60" Series valves areavailable with a variety of 'end connections. Severalsizes of pipe and tube socket weld ends are standard.The three-piece swing-out design is ideally suited towelded systems. The center body section, including allsealing elements can be easily removed during weldingto prevent heat damage. After welding the swing-outdesign allows easy maintenance.

VALVE TYPE OF END CONNECTION
SERIES Female NPT Pipe Socket Weld SWAGELOK and

Tube Socket Weld
1/2" 1/2" 1/2", 3/4"

"65" 3/4", 1" 3/4", 1" 1"

Choice of Seat Materials - TFE seats are standard inall valves. Delrin seats are also available in "63" Seriesvalves for use in applications such as high pressureblock valves. The Delrin offers better resistance to coldflow at higher pressures.
Air Operated Models - 90* Double Acting Air Oper-ators are available for all "60" Series Swing-Out BallValves. Addi.: nally, 90- Spring Return, either Normal-ly Open or %ormally Closed operators are available
for the "63" -Series Valves. (See Air Operated Ball
Valves data sheet in Air Operated Valves subsection
of Master Catalog Binder.)

Engineered for S

STEM

SHOULDER

THRUST
WASHER

afety

-

...

Blowout Proof Stem - The stem is installed from theinside of the body. A shoulder on the stem rides against
a thrust washer which is supported by a shoulder in the
body. Thus the stem cannot be blown out by internal
pressure surges, nor can it be removed accidentally byremoving external nuts or fasteners. This provides an
extra margin of safety in critical systems.

4..

-. .......... 
-

Clamping Bolts Exposed for Safety - High tensile bolts
clamp the flanges to the body. Three of the plated boltsare exposed to permit inspection for environmental cor-rosion. Of the three, only the black bolt need be removedwhen maintenance is required. The exposed bolts areprotected from installation damage by a wrench pad on
the body.



1706-KE

IN "60" SERIES SWING-OUT BALL VALVES

4/24/87, Rev. 0

Color Coded Handles - Black vinyl grips are stand-
ard. Four other bright colors are available for system
'identification, red, yellow, green and blue.

2500 PSI WOG
SEAT7 TFE

1000 PSI WOG

Grounded Stem - A stainless steel spring assures elec-
trical contact between the stem and body, preventing
sparks which can occur in ungrounded valves. This is
standard on all "60" Series valves.

Engineered for Reliability
Maximum Flow Capacity - The compact valves offer
the largest possible orifices consistent with system
requirements. Flow restriction is minimized and the
valves may be rodded out for easy cleaning.

Three Piece Body - The three body pieces are ma-
chined from high quality extruded bar stock, providing
the greatest material strength and safety margins.

Unique Seat Design - The seats in the WHITEY "60"
Series valves are supported by a small stainless steel
coned disc spring. This provides a positive sealing force
at low pressure and elasticity to the sealing systerr. It
also resists creep or cold flow of the seal member.

SV

LOW PRESSURE
OR VACUUM

At low pressure, the spring
provides enough force to
form a narrow line contact
seal between the ball and
the plastic seat. Both up-
stream and downstream
seats are sealed. Operating
torque is low and wear is
minimized because of the
low sealing force.

n-88

- Y
7

- I

HIGH PRESSURE
At high pressure, the spring-
supporting the downstream
seat flexes so that the entire
seal area of the plastic seat
supports the high force gen-
erated by pressure on the
ball. Since the upstream
plastic seat lightly contacts
the ball, wear and operating
torque are minimized.

This unique seat design results in a ball valve seat which
seals reliably at all pressures and automatically compen-sates for wear and thermal expansion. This design over-
comes the weakness of ordinary ball valve seats caused by
poor elasticity and high creep of plastics. The standard TFE
seating surfaces provide the outstanding characteristics of
low friction and universal chemical resistance.

Contained Flange Seals - The flanges are sealed to the
center body section with 0-Rings which are fully contained
and seal independently of the ball seat.

Self-lubricating Thrust Washer - The stern rides on a Vespelthrust washer; providing lower operating torques and longer
life. Z- ...

Broad Temperature Range - The valve may be used at
system temperatures from -20*F to + 450*F. (See Pressure
vs Temperature Curve).

100% Factory Tested - Each valve is individually tested after
assembly for leak tightness at the ball seats, stem packingand at all flange joints.

Special Packaging - All valves are sealed in polyethylene
bags to prevent dirt and contamination from entering thevalves.

PART 316 SS BRASS
VALVES VALVES

Body, Ball, Stem, Gland 316SS Brass

Flanges 316L SS Brass

TFE (std.), Deirin
Stem Packing, Ball Seats optional in "63"

Series valves
Deformable Glands Ceramic filed TFE

Stem Thrust Washer Vespel
Coned Disc Springs, Grounding 316SS
Spring

Flange Seals Viton O-Rings
Flange Bolts and Nuts, Gland Steel,'cadmium
Nut, Handle Nut, Handle plated
and Stop Plate

Nameplate 302 SS

Handle Grip Vinyl
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WINAW1 "60"SERIES SWING-OUT BALL VALVES

Hydrostatic test pressure must be applied with the valve halfopen.

SEAT RATINGS
Working Saturated .

Seat Flange Pressure Steam TemperatureSeries Material Seal Max. or Vacuum Range
Material 100*F Water Torr *Ftt

PsIt Service

150 psi 316 SS Brass
63, 65 TFE Viton 1000 Max. 1 -20 -20

Steam to to

140-F 40-204063 Delrin Viton 2500 Water 1 to

S _ W ater _ 180 *
tVa ve seat rating is the maximum pressure aifferential across the valve, fully closed.

ttRefer to graph of Pressure-temperature ratings.*The maximum service temperature of 0efrin is otten limited by the process fluid;contact the tactory for specitic applications.

PP(SU.E CROP

worn, FtL-GA.. a mQ1

5502 20 Xr0ets soup

Iii IIrun

TABLE OF DIMENSIONS

0 0

G-

SWING-OUT BALL VALVES CONNECTION SIZE DIMENSIONS

Catalog Orifice Flow Inlet and
Number (inches) Coefficient Outlet A B C D E F G R

- ( ~~~CvOultII L J

0.516

0.5 16

12

15
4-

-63SW8T fU.406 j 12TS

1/2 Female NPT

1-314 3-13/16

- I- I __ I __-

16 2-19/32

L _____ I ____ L ______

-63SW12T 0.516 13.6 3/4 TSW

-65F12 0.875 31 3/4 Female NPT

-65F16 0.875 38 1" Female NPT
-65SW12P 0.875 36 3/4 PSW 3-19/32 1-13/16 2-15/
-65SW16P 0.875 42 1" PSW
-65SW16T 0.875 40 1"TSW
Eor a comple , ordering number, add 8 for brass or SS for 316 stainless steelExample: B-63F8, SS-65F12 .

YOUR LOCAL SALES & SERVICE REPRESENTATIVE

D-89

as a prefix to the catalog number.

DELRIN. VESPEL. VITON - TM. uPoit

* -"RuS*
WVS-. UICL

BODY AND FLANGE ASSEMBLY RATINGS
Working Hydrostatic BurstPressure Test

Series Material @ 100*F Pressur* Prssure Vacuum
Max. Max. Min. (Torr)
(PSI) (PSI) (PSI)

63,651 Brass I 1500 I 2250 1 6000 1 10-3
1316 SSI 2500 1 3750 110.000 10-s

(2

50 500PES LoI.0
FLO.O.. I cyw47r

-63F8

-63SW8P

1-3/16

12-111/1611-11/321 2-1116 1-0/ 4 718 4-9/ 13

5-7/8 2-3/8 5-3/8

R C-) r

E

0
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APPENDIX D-9

ION EXCHANGE COLUMN SPECIFICATIONS
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PUR ITE
PRODUCT DESCRIPTION

Purolite's nuclear resins are processed in the

United States under the most exacting specifica-

tions. These resins are specially purified with high

percent conversions to their regenerated form and

closely controlled particle sizes. These resins in
most cases meet specifications such as the
Westinghouse Electric Corporation Specification
Number 53141 AC and the General Electric Corpora-

tion (Boiling Water Reactor) Specification. Base
hardnesses in all our products average over 400

grams in the regenerated forms and sphericities are

all over 95 %. All of Purolite's nuclear products
have whole perfect beads over 95% with most
closer to 100%.
Purolite's nuclear products are used in ultra-pure
water, radiation waste, pharmaceuticals and

condensate polishing. Our mixed bed resins are

Technical Data

NRW 37 MIXED BED

generally used in polishers following other types of

water processing. Our high grade of nuclear resins

insure that the water processed is in fact the highest

quality known to man (18.3 meg ohm)*

Purolite NRW 37 consists of A-600 (strong base type
1 anion) and C. 00 (strong acid cation) both in the
regenerated form mixed to a 1:1 chemical equiva-

lent. Other ratios are available upon request.

Purolite mixed bed resins can be used for re-

generative or non-regenerative (cartridges)
systems. Purolite nuclear resins are processed
without declumping agents to insure that the quality

obtained is nothing less than the best.

Purolite NRW-37 is available both in amber or

black cations.

*Depends upon water analysis and equipment used.

Typical Chemical and Physical Characteristics

Functional Structure
Cation ....... SO 3H+ (Hydrogen form sulfonated

polystyrene copolymer

Anion-..... R 4N+ OH- (Hydroxyl form strong base
alkyl quaternary ammonium polystyrene

(copolymer)

Physical Appearance ..... Clear Spherical Beads

Ionic Form (as shipped).................. H/OH

Screen Size U.S. Std. Mesh (Wet) ....... -16 +50

Particle Size
Limitation ........ Not more than 2% +16 mesh

Not more than 1% -50 mesh

Volume Ratio ...... 1.5 parts Purolite A-600 anion
(Typical) 1.0 parts Purolite C-100 cation

Total Capacity (Volumetric)
Cation .............. 1.9 meq.lml. min.

Anion ............... 1.4 meq./ml. min.

Column Capacity 0.65 meq/ml (14 Kgr/cu.ft.) min.

Standard Packaging ........ 5 cu. ft. double poly-
ethylene lined fiber drums

Heavy Metals Content as ppm by weight of dry resin

Iron (Fe) ....................... 100 ppm
Copper (Cu)....................50 ppm

Lead (Pb) ......................... 50 ppm

Percent Conversion to Ionic Form
Cation ......... H+=98% min. (or as requested)

Anion .......... OH =90% min. (or as requested)

CI = 3% Max. (or as requested)

CO 3 =10%-'max.
Moisture Content as Shipped 60% max.

pH Range (Stability) .................... 0 to 14

Approximate Shipping Weight .45 lbs./ft.3 (720 g/l)

Maximum Operating Temperature

Non-Regenerative bed........... 212*F (100*C)

Regenerative bed ................ 140'F (60*C)

Operating Flow Rate.. 5-7 gpm/sq.ft. (higher rates
may be used for polishing bed units)

Purity of Deionized Water Ultra-high purity water
greater than 10 meg. ohm resistance usually

ranging to 18.3 meg. ohm equivalent to
0.1 pS cm-' to 0.055 pS cm-1 respectively

lP 1T The Purolite CompanySDivision of Bro-tech Corporation 150 Monument Road, Bala Cynwyd, PA 19004
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SPECIFIC CONDUCTANCE, RESISTANCE.
APPROXIMATE ELECTROLYTE CONTENT

For Deionized or Distilled Water at 78*F. or 25'C.

4/24/87, Rev. 0

Specific Cond. Specific Resistance Approximate Electrolyte Content, ppm

in Micromhos in Ohms as NaCL as CaCO3 as NaOH as CaCO 3  HCl as CaCO3

0.1 10.000.000 0.04 0.03 0.01 - 0.01 -

0.2 5.000.000 0.08 0.07 0.03 0.04 0.02 0.03

1 1,000.000 0.4 0.34 0.17 0.21 0.09 0.12

2 500.000 0.8 0.68 0.33 0.41 0.18 0.25

4 250.000 1.6 1.35 0.66 0.83 0.35 0.48

6 166.000 2.5 2.10 1.0 1.25 0.52 0.71

8 125.000 3.2 2.70 1.4 1.75 0.70 0.96

10 100,000 4.0 3.40 1.8 2.25 0.86 1.18

20 50.000 8.0 6.80 3.2 4 1.6 2.19

30 33.333 14.0 12.00 5 6 2.6 3.5

40 25.000 19.0 16.00 6 7.5 3.4 4.7

50 20.000 24.0 20.00 8 10 4.2 5.8

60 16.666 28.0 24.00 9.5 12 5.2 7.1

70 14.286 33.0 28.0 11 14 6.0 8.2

80 12.500 38.0 32.0 13 16 6.8 9.3

90 11.111 43.0 36.0 14 17.5 7.6 10.4

100 10.000 50.0 43.0 16 20 8.5 11.6

200 5,000 100.0 85.0 31 39 17 23

Purolite carries a complete range of Gel and Macroporous Cation Exchangers. These include:

Purollte C-100 a high capacity grade Gel Cation Exchanger Purolite A-400 a strongly basic Type I Porous Gel Anion

Purolite C-100H a strong acid Cation. Hydrogen Form Exchanger
Puroille C-100 x 10 a high capacity premium grade 10% Purollte A-444 a Porous Type I Gel Organic Scavenger

Cross Linked Cation Exchanger Purolite A-500 a Macroporous Type I strongly basic Anion

Purollte C-100FM a fine mesh Cation for water softening Exchanger

Purollte C-105 a weak acid Cation Resin Purollie A-50P a Macroporous Type I Organic Scavenger

Purollte C-ISO a strong acid Cation Macroporous Purolite A-510 a Macroporous Type I Anion Exchanger

Exchanger Puroilte A-600 a strongly basic Type I Anion Exchanger

Puroille A-100 a Macroporous weak base Anion Exchanger Purollte A-85C a strongly basic Type I Acrylic Exchanger

Puroille A-110 a weak base Condensation Anion Purolite NRW-37 a Nuclear Mixed Bed Resin

Puroille A-300 a strongly basic Type 11 Anion Exchanger Purollte RRW-100 a Nuclear Cation Resin

Puroltte A-300E a Type I Gel Anion Exchanger with no Purollte NRW-400 a Nuclear Porous Anion Resin

taste or odor Purollte NRW-600 a Nuclear Anion Resin

Purolite also has a complete line of Semiconductor Grade Resins. For a complete list of Purolite products, please contact

our national office.
The Technical Data given herein are based-on extensive laboratory testing and field results. In applying the data on a

commercial scale, allowance should be made for possible mechanical or hydraulic deficiency of the equipment in which the

Ion exchangers are used. For lurther Information, please contact our national office.

PUROLITE
Purollte Company Division of Bro-Tech Corporation,

150 Monument Rd., Bala Cynwyd, Pennsylvania 19004 0 800-343-1500 9 215-668-9090
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Technical Data
A-600

Anion Exchange Resin
Strong Base, Type I

PRODUCT DESCRIPTION

Purolite A-600 is a strongly basic Type I quater-
nary ammonium anion exchange resin with a
styrene-divinylbenzene copolymer matrix. A-600
can be used in all types of deionization systems
and is recommended for multibed or mixed bed
use. A-600 has a high capacity for silica removal
and can produce high quality water practically
silica free. This strong base resin has good

temperature stability at high temperatures which
are required to minimize silica leakage.

Purolite A-600 has excellent physical stability
with bead hardness over 500 grams average and
whole clear bead counts of 95% minimum. A-600
removes weak acids such as silica and carbonic
as well as strong acids, sulfate and chloride.

Typical Chemical and Physical Characteristics

Polymer Structure ..... Styrene divinylbenzene
Matrix Structure ........................ Gel
Active Group .................... R(CH 3)3N+
Ionic Form .............................. C
Character ...................... Strong Base
Physical Appearance ......... Amber Spheres
Particle Size .... +16 mesh<2%, -50 mesh<1 %
Total Capacity ... 1.5 meq./ml. min. Volumetric

3.7 meq./gm, min. Weight

Screen Size, U.S.Std. Mesh (Wet)....... 16-50
Swelling (Cl-OH) ...................... 20%
Water Retention ..................... 43-48%
pH Limitations ........................ None
Shipping Weight .......... 44 lbs./ft.3(704 g/l)
Solubility .... Insoluble in all common solvents
Whole Bead Count ............ 95% minimum
Standard Packaging ........... 5 cu.ft. double

polyethylene-lined fiber drums

Application Characteristics

Maximum Operating Temperature
OH form .................... 140*F (601C)
Salt form ............... 212*F(1000 C)

Minimum Bed Depth ............. 24" (60cm)
Backwash Flowrate ........ 1.5-2.5 gpm/sq. ft.
Backwash Expansion ................ 50-75%

Service Flowrate .............. 1-5 gpm/cu.ft.
Regenerant .......................... NaOH
Regeneration Flowrate ...... 0.2-0.5 gpm/cu.ft.
Regenerant Contact Time ......... 30/60 min.
Slow Rinse Rate............0.2-0.5 gpm/cu.ft.
Fast Rinse Rate ................. 2 gpm/cu.ft.

Influent Limitations
Maximum Free Chlorine ................................ 0.1 ppm
Maximum Turbidity .................................. 5 A.P.H.A. Units
Maximum Iron and Heavy Metal...................................... 0.1 ppm

SHIPPING & STORAGE

A-600 is a strongly basic anion shipped in the
chloride form. By shipping in the chloride form,
A-600 can be stored indefinitely with the following
precautions:

Protect against drying
Keep from freezing and thawing repeatedly
Keep out of direct sunlight

PRESSURE DROP

The pressure loss when passing a solution
through a bed of A-600 when used in a column
operation, is directly related to the rate of flow
and the temperature of the solution. This data is
based on clean water and new resin. Any par-
ticulate matter that is filtered out by the ion ex-
change media will cause additional pressure drop.

P T The Purolite CompanyS Division of Bro-tech Corporation 150 Monument Road, Bala Cynwyd, PA 19004
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CAPACITY and LEAKAGE-See A-400 Product Bulletin

PHYSICAL STABILITY
Purolite A-600 not only has good bead strength
but excellent bead integrity, a minimum of 95%.
Due to these attributes. A-600 demonstrates a
high resistance to attrition from all stresses.
physical, thermal and osmotic. Greater physical
stability means longer life and easier operation.

Figure 1.
Bed Expansion vs. Backwash Flow Rate

Purolite A-600

I I I

VU

75

50 - - -

25 2 -__1 2

I Ih

08 1 6 25 33 4 1 4.9 gpm/ft2

Backwash Flow Rate. gpm/t12

REGENERATION FOR DEIONIZATION
Regenerant................. Sodium Hydroxide
Level .......... Dependent on Capacity Desired
Concentration .......................... 2-4%
Rinse Requirement .............. 60 gals./cu. ft.

Figure 2.
Pressure Drop vs. Flow Rate

Purolite A-600

1.2 - - -___

41*F (5-C),
50*F (10OC.
68-F (20'c),

___ _104*F (40C

0.8 140-F (60-C)

0.4

69

5.2

0
3.5

1.7

0 20 40 60 80 100 m/h
LI I I I I i

8.2 16.4 25

Flow Rate

32 8 41 gpm/ft2

Purolite carries a complete range of Gel and Macroporous Cation and Anion Exchangers. These include:
Purollie C-100 a high capacity premium grade Gel Cation Exchanger Purollte A-400 a strongly basic Type I Porous Get Anion Exchanger
Purollite C-100H a strong acid Cation. Hydrogen Form Purollte A-500 a Macroporous Type I strongly basic Anion Exchanger
Purollte C-100 x 10 a high capacity premium grade 10% Cross Purollte A-500P a Macroporous Type I Organic Scavenger

Linked Cation Exchanger Purollte A-510 a Macroporous Type i Anion Exchanger
Purollte C-100FM a fine mesh Cation for water sotening Purolite A-600 a strongly basic Type I Anion Exchanger
Purolite C-105 a weak acid Cation Resin Purollte A-850 a strongly basic Type I Acrylic Exchanger
Purolte C-150 a strong acid Cation Macroporous Anion Exchanger Puroille NRW-37 a Nuclear Mixed Bed Resin
Purolite A-100 a Macroporous weak base Anion Exchanger . Purolite NRW-38 a Nuclear Mixed Bed Resin
Purollte A-110 a weak base Condensation Anion Puroflte NRW-100 a Nuclear Cation Resin
Purolle A-300 a strongly basic Type it Anion Exchanger Purollte NRW-400 a Nuclear Porous Anion Resin
Purollie A-300E a Type I Gel Anion Exchanger with no laste or odor Purollte NRW-600 a Nuclear Anion Resin
Purollte A-444 a Porous Type I Gel Organic Scavenger

Purollte also has a complete line of Semiconductor Grade Resins. For a complete list of Purollte products, please contact our National
office.
The Technical Data given herein are based on extensive laboratory testing and field results. In applying the data on a commercial
scale, allowance should be made for possible mechanical or hydraulic deficiency of the equipment in which the Ion exchangers are
used. For further information, please contact your national office.

PUROLITE
Purolite Company Division of Bro-Tech Corporation,

150 Monument Rd., Bala Cynwyd, Pennsylvania 19004 9 800-343-1500 0 215-668-9090
Telex 291718
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Technical Data
C-1 OOH
(Hydrogen Form Purolite C-100-C-101)

Strong Acid Cation
Hydrogen Form

PRODUCT DESCRIPTION

Purolite C-100H is a premium grade cation
exchanger that can be used in water deminerali-
zation. C-1 OOH is produced exactly the same as
Purolite C-100, using a crosslinked styrene
divinylbenzene polymer matrix with 8% crosslinking.
Bead stability and a minimum of 95% whole clear

beads make C-1 OOH a premium grade gel without
the added cost of buying an upgraded cation
product. The data presented herein are applicable
for hydrogen cycle cation exchange operation only.
For sodium cycle information see C-100.

Typical Chemical and Physical Characteristics
Polymer Structure .................. Polystyrene crosslinked with divinylbenzene
Functional Groups ................................................... R - S03
Physical Appearance .................................. Clear Spherical Beads
Ionic Form (as shipped) ............................................ Hydrogen
Screen Size, U.S. Std. Mesh (Wet) ...................................... 16-45
Particle Size Range .............................. +16 mesh<5%. -40 mesh<1%
W ater Retention ..................................................... 49-55%
pH Lim itations.........................................................None
Temperature Limitations ....................................... 280*F (1400C)
W hole Clear Beads ............................................ 95% minimum
Shipping Weights ................................. 50 lbs./ft.3, (800 grams/liter)
Total Capacity ............................... 1.9 meq/ml. minimum Volumetric

4.9 meq/gm. minimum Weight
Standard Packaging ............... 5 cu. ft. double polyethylene-lined fiber drums
D.V.B. Content .......................................................... 8%
Color........................................................B lack or Amber

P RThe Purolite CompanyPU RO LIT Division of Bro-tech Corporation 150 Monument Road, Bala Cynwyd, PA 19004
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Section V - Reactivity Data .
Sraosiy f %n4aM cn 0 Av-md

X AVOID TEMPERATURES OVER 220 0C (4280F).

Incomp~a~h~k (Maftw" 10A0

AVOID CONTACT WITH CONCENTRATED NITRIC ACID, OR STRONG OXIDIZING AGENTS.

hauzaous Ompeinor BypmucLs
SO,9 SO.1 C, Co., STYRENE MONOMER, DI-VINYL BENZENE.

Hazarou May Ocx Con4jMon to MO.

Section VI - Health Hazard Data

POA.(s) cElrvy N/A majan? Sim Ungsuan?

h"a KazaOs Pam Wd Cvow)

CLmonwa OSMA R.g7Wed?
N /A

SiQIn and Syrnmn d Epowarv

I.4.amca Cncru
G-r bJ xPAz'aut EYE CONTACT: LIKE OTHER FOREIGN BODIES, PARTICLES MAY CAUSE

ECHANICAL IRRITATION OF THE EYE.

aEYE C T FL ACd ProduTmH
EYE CONTACT: FLUSH WITH LARGE AMOUNTS OF WATER FOR AT LEAST 15

MINUTES. CONSULT PHYSICIAN IF IRRITATION PERSISTS.

Section VII - Precjutlons for Safe Handling and Use
Sps to e Tai in Camw Mazenai Ia P.d or SpUed

RESIN BEADS ON FLOOR MAY MECHANICALLY CAUSE FLOOR TO BE SLIPPERY

uqE CArE To AVOID FALLS. SWEEP UP AND TRANSFER TO CONTAINERS FOR RECOVERY OR DISPOSAL,

THIS MATERIAL CAN BE DISPOSED OF AS ORDINARY TRASH.

P S AND PLASTIC BAGS SEALED TO PREVENT DRYING OR MOISTURE LOSS.

STORE BELOW 49 C (120'F) AND ABOVE O'C (320F)

Section VIll - Control Measures

PAp"ry Pruwctn S" "NONE-

Vri&I E NORMAL PLANT VENfILATION Spc

MsdctacaJ (Gan'aw on

Pa ~WJ y.SAFETY GLASSES (ANSI z87.1)

Ou Qr~wCW or qs1

Wofl~dN)9.r~C ~TU~UcsS
CLEANLINESS IS RECOMMENDED.
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APPENDIX D-10
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DESIGN VARIATIONS

1706-KE 4/24/87, Rev. 0

CUSTOM CIOSTRULmUN

Over 70,000 specifications iM our files are the result of
manufacturing custom heaters for various applications over
the last 55 years. Custom heaters are manufactured to
drawings by our experienced versatile personnel. Our
heaters satisfy the requirements of machinery manufac-
turers, research and development engineers and industrial
processors throughout the world. Our manufacturing
capabilities allow us to construct heaters to suit your appli-
cation. Our application engineers stand ready to assist you
in heater design and will construct heaters the way you want
them within our manufacturing capabilities. Stock heater
bands may be supplied to maintain production while a
custom heater is manufactured to specification. Custom
heaters may be constructed to sample as well as drawings.
Special handling of orders for custom heaters will minimize
machinery down-time in emergency situations.

/

Custom
ordered

Flange lockup

Strap lockup
Trunion lockup

Flange lockup with
compression
spings

Scre v terminals
.type As

Lead wires (type C)

Heaters may be
with these variations

LOCKUP

On the following pages are~ illustrated
various heater bands with variations in the
type of lockup. IHCO -Standard" construc-
tion is a reverse double layer flange lock-
up. Customer preference or particular
application may dictate other types of
lockup. We offer the folio.ving for your
selection with custom band heaters:

1 - Flange lockup
2 - Strap lockup
3 - Key lockup
4 - No lockup (mounting ho;es provided

to specification)
5 - Trunion lockup
6 - Compression Springs for firm lockup

may be specified. They are included
with all IHCO bands 12" ID and larger
to insure firm lockup unless specified
otherwise by the customer.

TERMINALS AND TERMIINAL
PROTECTION DEVICES

Conductor Cable and Sleeving Termi.ials

Shown on the following pages are heater
bands with screw terminals, lead wires,
twist lock plugs, etc. Most any heater band
may be constructed to specification with
the following choices:

Screw Terminals

Button Terminals
Lead Wires (any length)

Type A

Type C

D-101
4
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Twist Lock Plug

Leads in Greenfield
sleeving. Leads in
flexible armor

Leads in silicon
rubber (or glass
wall) sleeving

Leads in Teflon
sleeving

Leads in Greenfield Sleeving
Leads in Silicon Rubber Sleeving
Leads in Glass Wall Sleeving
Leads in Teflon Sleeving

Leads in Flexible Armor-
Pin Contacts, Foreign & Domestic Type B

TERMINAL PROTECTION DEVICES
OSHA requirement calls for some terminal
protection for the safety of workers. The
following are available:

Voltraps Voltraps can be adapted to any
screw terminal no matter what the thread
size of the screw terminal. Tunnel
extension covers heater cable lug or
exposed wire. See sketch pg. 18.

Two-Piece Terminal Cap is internally
threaded to secure top half to heater

AJ._
Two piece terminai
cap

One piece terminal
cap

terminal. As terminal height is important
for these caps. they Should be specified
with new bands only. 8132 - 10/32 sizes.

One-Piece Terminal Cap gtes adequate
protection. Stock size 6.32. 3,32 and 10'32
screw terminals.

Metal Terminal Boxes must be custom
constructed to most heater bands and
must be incorporated into the band when
constructed. As a general rule, metal
terminal boxes should not te selected for
heater bands less than 3 " in diamete-
and less than 11/%" wide. !HCO terminal
boxes are shaped to curvalure of the band
to minimize possibility of contamination.
Bx connector may be provided at customer
option. Terminal boxes are mounted on the
band heater with internal scre-..s and may
be removed for wiring hookup.

Cylindrical Band Variations illustrated on
the following pages are some of the
designs we presently manufacture.

-I

No I Heater Band wim Screw Termnals

--
- -

No 3 Flange Lockup

-z

N.-

No. 5 0 al vol age

No 2 Healer Band wdn Fleble Leads

-I
7-

- \ -)

No. 6 Sr--nTem ,vl
D-10

S-

No.4 Slrap Lockup

.-- - .

- - I

No. 6 Screw-m Tniermow'eii

D-102

STANDARD CONSTRUCTION

Review specifications and technical data on pages
2. 3. Review sto.ck list pages 17. 18. 19 and deter-
mine if stock heaters or combinations of heaters will
suit your requirements.

CUSTOM CONSTRUCTION

Two piece heater bands with flange lockup are pre-
ferred by most processors as they are economical
and provide firm contact v.ith the cylinder with two
lockup points 180 degrees apart. Two piece heaters
may be installed :.'ithout removing other bands or
machinery parts in most applications. .

Strap lockup may be specified by those who prefer
strap lockup. Many flange lockup tw.-.o piece heaters
are carried in stock. Strap lockup tv.o piece heater
shown at left should not be confused with our
special sealed band (SB) heater illustrated on pace
10.

Dual voltage heaters consist of t.-.:o circuits. May be
used in 1201240 or 240.1,180 volt a:plica:;ons. Heater
constructed with two circuits ecuai distributed
which may be '.-.iri-d in series tor opeation. Dual
voltage may be specified v.'ilh screw termifnals or
leads.

Thermowell built into band for thermocouple. 1/8"
pipe thread standard for most thermocouples. Illus.
shown 2" ID x 3", wide.

1706-KE

3

-



1706-KE 4/24/87, Rev. 0

INDUSTRIAL HEATER CO INC.

CUSTOM MADE FLANGE LOCKUP BAND HEATERS

HALF SECTION

9 1/4"

6"1

WAT. S:.- 3000W

_-WATT DENSITy 7.2 W/IN 2

D - - - . -103 - -
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flic te low air or gas Wreossu e ositive, negative
OP dilferential ACCUPate Within 2%. 61 nanges.

~~U,-

2 .30 0

eetteDyrMAGNEHELICa gae fo"ig ccrcy-gurnte PHYS .CAL DATA

40 -K -.-.

wth T% -M]2 sc- - d hwi

_____ H E - F-n

t .Th. ss kb..r s N. dup - s

-. ~~~k i .F __ C

Select the Dwyer Magnehelic, gage for high accuracy - guaranteed PHYSICAL DATAwithin 2% of full scale - and for the wide choice of 61 ranges avail- Ambient temperature range: 200 to 140 0F.*able to suit your needs precisely. Using Dwyer's simple, frictionless Rae tlprsu:15 sitMagiiehelics movement, it quickly indicates low air or non-corro- Rtdttlpesr:1 sgt pesr as
sive gas pressures - either positive, negative (vacuum) or differen- Connections: '/V NPT high and low pesr astial. The design resists shock, vibration and over-pressures. No duplicated - one pair side and one pair on back.
manometer fluid to evaporate, freeze or cause toxic or leveling prob- Housing: Die cast aluminum. Case and aluminumparts Iridite-dipped to withstand 168 hour salt spray
Widely used to measure fan and blowir pressures filter resistance, ,I
air velocity, furnace draft, pressure drop across orifice plates, liquid
levels with bubbler systems and pressures in fluid amplifier or fluidic
systems. It also checks gas-air ratio controls and automatic valves,
and monitors blood and respiratory pressures in medical care
equipment. -

Mounting. A single case -
size is used for most ranges
of Magnehelic gages. They
can be flush or surface
mounted with standard Flush... Surface...or Pipe Mounted
hardware supplied. With the
optional A-610 Pipe Mounting Kit they may be conveniently installed on hori-zontal or vertical 114"-2" pipe. Although calibrated for vertical position,ranges
above 1 inch may be used at any angle by simply re-zeroing. These character-
istics make Magnehelic gages ideal for both st. onary and portable applica-
tions. A 4/" hole is required for flush panel r- unting. Complete mounting
and connection fittings plus instructioi.s are furiished with eacb instrument.

Vent valves
In applications where pressure is continuous and the
Magnehelic gage is connected by metal or plastic tubing
which cannot be easily removed, we suggest using Dwyer
A-313 vent valves to connect gage. Pressure can then be
removed to check or re-zero the gage.

HIGH AND MEDIUM PRESSURE MODELS
Installation is similar to standard gages except that a
41," hole is needed for flush mounting. The medium pres-
sur- construction is rated for internal pressures up to 35
psu' and the high pressure up to 80 psig. Available in allranges. Because of larger case, will not fit in portable
case. Weight 1 lb., 10 oz. (Installation of the A-321 safety
relief valve on standard Magnehelic gages often provides
adequate protection against infrequent overpressure; seeBulletin S-101).

D- Inr;

Standard ranges: See facing page.
Accuracy: Plus or minus 2% of full scale (3% on -0
and 4% on -00 ranges), throughout range at 70 0F.
Standard accessories: Two %" NPT plugs for dupli-
cate pressure taps, two %" pipe thread to rubber
tubing adapters, back mounting spud with washers
and jam nut, three flush mounting adapters with
screws. (Mounting ring and snap ring retainer substi-
tuted for 3 adapters in HP gage accessories).
Weight: 1 lb. 2 oz.
*Low temperature models available as special option.
tFor applications with high cycle rate Within gage total pres-sure rating. next higher rating is recommended. see

Medium and High pressure options at lower left.

OPTIONS AND ACCESSORIES

- 4.-

Transparent overlays
Furnished if red and green to high.
light and emphasize critical pressures.

Adjustable signal flag
Integral with plastic gage cover; has
external reset screw. Available for all
ranges lnot high pressure). Can be or-
dered With gage o-r separately.
Portable units
Combine carrying case with any Mag.
nehelic gage of standard range (not
high Pressure). Includes 9 ft. of ill I.rubber tubing, stand-hang bracket, and
terminal tube with holder.

Air filter gage accessory package
Adapts any standard Magnehelic for
use as an air filter gage. Includes alu-
minum surface-mounting bracket with
screws, two 5 ft. lengths of 34V" alumi-num tubing. two static pressure tipsand two molded plastic vent valves,
Integral compression fittings on both
tips and valves.

F
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Mounted in jeweied bearings, it turns freely to
apriegssu ith ndmagnetic field of magnet to transmit

Helix is precision milled from an alloy of high mag-netic permeability, deburred and annealed in ahydrogen atmosphere for best magnetic qualities.

SERIES 2060 MAGNEHELIC- MODELS AND RANGESThe models below will fulfill most requiremen t5  pa 5 cal s epeof special models built for OEM customers. pa l cals s ursed inounces per square inch, inches of mercury, metric units, etc., contact the factory.

Range *-*.- R 
. -Ran eo

eRanetic 
Range, 

RangeMoe Range' Scales Minor Centt age erIumber of Waer Mv Model CM of Siv. Model scales Minor - Center M-- -- Center
Model nhe Minor Mel CM Me MM of Div. Model Inches Minor Model CM of Div.

2ue O Wt D Number Water CM Number Water MM Number of Water Div. Number Water CM
2000-CO 0. .25 .005 2000-2CM 0-1 .02 2000-IOMM 0-10 .50 2301 .54.5 .02 2300-4CM 2-0-2 .10
2000-0 0- .50 .01 2000-2CM 0-2 .05 2000-15MM 0-15 .50 2302 1-0-1 .05 2300-IGCM 5-0-5 .20

2001 0-1.0 .02 2000-5CM 0-5 .10 2000-2OMM 0-20 .50 2304 2-2 .10 2300-200M 10410 .50

2002 0-2.0 .05 2000-8CM 0-8 .20 2000-25MM 0-25 .50 2310 5-0-5 .20 2300-30CM 15-0-15 -.

2003 0-3.0 .10 2000-0CCM 0-10 .20 2000-3o0MM 0-30 1.0 2320 10-0,10 .50
2004 0-40 .10 2000-15CM 0-15 .50 2000-40MM 0-40 1.0 2330 15-0-15 1.0
2005 0-50 .10 2000-20CMA 0-20 .50 2000-50MM -. 0-50 1.0
?006 0-6.0 .20 2000-25CM 0-25 .50 2000-8. 

_M 
0-80 2.0 7

10o0 0-8.0 .0 2000-30CM 0-30 1.0 2000Ia rsMeM 0-100 2.0 23 M.
'010 0-10 .20 2000-40CM 0-40 1.0 2000-O.MM 0-150 5.0 22n 

te
'015 0-15 .50 2Cpe50CM a-SO 1. 2000-200Ang 0-200 5.0M el22ange-modeln20 0-20 .50 2000-80CM 0-80 2.0 2000-250M2, 0-250 5.0 mde Rang Djy. Number MMWa r m

.)25 0-25 50 2000-100C,4 0-100 2.0 20000-20 
5 0-300 10.0 m.030 

0-30 1.0 2000.CM 0-150 5.0 
1

'040 0-40 10 2000200C 0-2000-1 
50

050 0-50 10 2000-25 0-250 50 Purpose R s 2202 0-2 .05 23003 m 15-0-15 1.0
0160 0-60 2.0 2000-300CM 0-300 10.0 Scale No. 2401 Scale No. 2402 2203 0-3 .10
08 08 2.0 

Square Root Blank Scale 2205 0-5 .0 -Rne

i00 0-100 2.0 .*Specify Range Specfyag 
- .10ge, ane

-0s 
cyag 2210' 0-1 12 Moe ncIes Air Velocity2215' 0-15 N5 umber of Water F.P.M.

Zested Specifications, 
*. -

-20-- 'es 0 0OA 2 0-20
.. i./ffeenia prssregag fr 

nstlld2000-OAV 
0- 50 500- 2000

sha/ll eea th sue gae*- measuring (state Purpose) shall be intle.Ga'ge 
rTes anges equipped 20-A

d iltype 4-74" 0.0., with white dial, black( figures as medium Pressure 2001AV 0-. 500- 4000

a n d g ra du tio n s a n d P o in te r uaz ero ad iu s tm e n t. G a e s a l b e D w ye r i n t u m n s in c .. M d l s e o t o s . 2 0 A

Maneh... c 
Gagelo Nhal 

Intrmet Moes1e pin 00 10.50
division~is.- reading to _ n water column, in - m 

0 1.~.- 
- --- -- OOv a~000-15600

Bezel provides flange for flush mount-ingi 
ring seal for cover assures pressure integ-rity of case.Clear plastic face is highly resistant to r ty Di cast.

of pointer and scale. 
/-i4 ridite-dipped t ihtn 6 orsl pa

reaae Provides undistorted viewing 
test. Exterior finished in baked dark grayPrecision litho-printed scale is accurate - hammerloid One case size used for all stand-and easy to read. ard pressure ranges, and for both surface and

-flush mounting.
Red tipped pointei of heat treated alumi- molde r imnum tubing is easy to see. It is rigidly w iIs supported by front arear plates. It is locked and sealed in position
mounted on helix shaft. 

with a sealing plate and retaining ring. Dia-p o in te r s er-t ra ve o e d u b bt r p np h ra g m m o tio n is re stricte d to p re ve n t d a m -Pointer Stops of molded rubber prevent 
I d

pointer over-travel without damage. J IeprsSrs
Calibrated range spring is a flat leaf of Swed-ish spring steel in temperature compensatedm apphre; prb vdea ruyrings are h ck -re t design. Sm all am plitude of m otion assures

mounted; o ide ix t a pe ith 
consistency and long life. It reacts to pres-

motion for helix. Motion damped with sure on diaphragm. Live length adjustable for
iigh viscosity silicone fluid. 

clbain
te i nd las t i cn c o v e r , as c e s s i b l e nw t h " W i s h b o n e " a s s e m b l y p r o v i d e s m o u n t i n g f o reraedjunsten crewrs covesibently 

helix, helix bearings and pointer shaft.
ute reoingasi cover acering e proth- 

Samarium cobalt magnet mounted at end of
u t r e m o v i n g c o v e r . " 0 " r i n g s e a l p r -p 

i g r t t s h l x w t o t m c a i
ides pressure tightness.

rane spring rotates helix without mechani-

- Patent No. 3,o9i 123
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NEMA TYPE 12 ENCLOSURES

STANDARD SIZES

SINGLE DOOR WALL-MOUNTED

Enclosure Enclosure *Panel Enclosure Enclosure *Panel
Catalog Size Catalog Panel Catalog Size - Catalog Panel
Number A x B x C Number Size Number A x B x C Number Size

*A-122406LP 12 x 24x6 A-12P24 9 x 21 A-603608LP 60 x 36 x 8 A-60P36 57 x 33
*A.161206LP 16x 12x6 A-16P12 13x 9 *A-161210LP 16 x 12 x 10 A-16P12 13 x 9
*A-161606LP 16x 16x6 A-16P16 13 x 13 * A&201610LP 20 x 16 x 10 A-20P16 17 x 13
*A-162006LP 16 x 20 x 6 A-20P16 17 x 13 0 A-202010LP 20 x 20 x 10 A-20P20 17 x 17
*A-201206LP 20 x 12 x 6 A-20P12 17 x 9 i A-241210LP 24 x 12 x 10 A-12P24 9 x 21

GA-201606LP 20 x 16 x 6 A-20P16 17 x 13 0 A-242010LP 24 x 20 x 10 A-24P20 21 x 17

*A-202006LP 20 x 20 x 6 A-20P20 17 x 17 * A-242410LP 24 x 24 x 10 A-24P24 21 x 21

OA-202406LP 20 x 24 x 6 A-24P20 21 x 17 0 A-302010LP 30 x 20 x 10 A-30P20 27 x 17

*A-241206LP 24 x 12 x 6 A-12P24 9 x 21 0 A-302410LP 30 x 24 x 10 A-30P24 27 x 21

*A-241606LP 24 x 16 x 6 A.24P16 21 x 13 * A-362410LP 36 x 24 x 10 A-36P24 33 x 21

OA-242006LP 24 x 20 x 6 A-24P20 21 x 17 A-363010LP 36 x 30 x 10 A-36P30 33 x 27

*A-242406LP 24 x 24 x 6 A-24P24 21 x 21 A-423010LP 42 x 30 x 10 A42P30 39 x 27

SA-301606LP 30 x 16 x 6 A-30P16 27 x 13 A-423610LP 42x36x 10 A-42P36 39 x 33

OA-302006LP 30 x 20 x 6 A-30P20 27 x 17 A-48301OLP 48 x 30 x 10 A48P30 45 x 27
*A-302406LP 30 x 24 x 6 A-30P24 27 x 21 A-483610LP 48 x 36 x 10 A-48P36 45 x 33

0 A-362406 LP 36 x 24 x 6 A-36P24 33 x 21 A-603610LP 60 x 36 x 10 A-60P36 57 x 33

A-363006LP 36 x 30 x 6 A-36P30 33 x 27 0 A-201612LP 20 x 16 x 12 A-20P16 17 x 13

SA-122408LP 12 x 24 x 8 A-12P24 9 x 21 4 A-242012LP 24 x 20 x 12 A-24P20 21 x 17

*A-161208LP 16 x 12 x 8 A-16P12 13 x 9 *A-242412LP 24 x 24 x 12 A-24P24 21 x 21

OA-161608LP 16 x 16 x 8 A-16P16 13 x 13 * A-302412LP 30 x 24 x 12 A-30P24 27 x 21

*A-162008LP 16 x 20 x 8 A-20P16 17 x 13 A-303012LP 30 x 30 x 12 A-30P30 27 x 27

*A-201208LP 20 x 12 x 8 A-20P12 17 x 9 e A-362412LP 36 x 24 x 12 A-36P24 33 x 21
*A-201608LP 20 x 16 x 8 A-20P16 17 x 13 A-363012LP 36 x 30 x 12 A-36P30 33 x 27
*A-202008LP 20 x 20 x 8 A-20P20 17 x 17 A-363612LP 36 x 36 x 12 A-36P36 33 x 33
OA-202408LP 20 x 24 x 8 A-24P20 21 x 17 A-423012LP 42 x 30 i 12 A-42P30 39 x 27

OA-241208LP 24 x 12 x 8 A-12P24 9 x 21 A-423612LP 42 x 36 x 12 A-42P36 39 x 33
OA-241608LP 24 x 16 x 8 A-24P16 21 x 13 A-483612LP 48 x 36 x 12 A-48P36 45 x 33

*A-242008LP 24 x 20 x 8 A-24P20 21 x 17 A-603612LP 60 x36x 12 A-60P36 57 x 33
*A-242408LP 24 x 24 x 8 A-24P24 21 x 21 A-723012LP 72 x 30 x 12 A-72P30 69 x 27

OA-243008LP 24 x 30 x 8 A-30P24 27 x 21 0 A-242016LP 24 x 20 x 16 A-24P20 21 x 17
*A-302008LP 30 x 20 x 8 A-30P20 27 x 17 e A-242416LP 24 x 24 x 16 A-24P24 21 x 21

SA-302408LP 30 x 24 x 8 A-30P24 27 x 21 * A-302416LP 30 x 24 x 16 A-30P24 27 x 21
A-303008LP 30 x 30 x 8 A-30P30 27 x 27 A-363016LP 36 x 30 x 16 A-36P30 33 x 27
A-303608LP 30 x 36 x 8 A-36P30 33 x 27 A-423616LP 42 x 36 x 16 A-42P36 39 x 33

*A-362408LP 36 x 24 x 8 A-36P24 33 x 21 A-483616LP 48 x 36 x 16 A-48P36 45 x 33
A-363008LP 36 x 30 x 8 A-36P30 33 x 27 A-603616LP 60 x 36 x 16 A-60P36 57 x 33
A-363608LP 36 x 36 x 8 A-36P36 33 x 33 A-723016LP 72 x 30 x 16 A-72P30 69 x 27

OA-422408LP 42 x 24 x 8 A-42P24 39 x 21 e A-302420LP 30 x 24 x 20 A-30P24 27 x 21
A-423008LP 42 x 30 x 8 A-42P30 39 x 27 A-363020LP 36 x 30 x 20 A-36P30 33 x 27
A-423608LP 42 x 36 x 8 A42P36 39 x 33 A-483620LP 48 x 36 x 20 A-48P36 45 x 33

OA-482408LP 48 x 24 x 8 A-48P24 45 x 21 A-603620LP 60 x 36 x 20 A-60P36 57 x 33
A-483008LP 48 x 30x 8 A-48P30 45 x 27 A-723020LP 72 x 30 x 20 A-72P30 69 x 27
A-483608LP 48 x 36 x 8 A-48P36 45 x 33 A-723024LP 72 x 30 x 24 A-72P30 69 x 27

.Panels must be ordered separately. * .L. LISTED

STANDARD SIZES

TWO DOOR FLOOR-MOUNTED

Enclosure Enclosure *Panel Enclosure Enclosure *Panel
Catalog Size Catalog Panel Catalog Size Catalog Panel
Number A x B x C Number Size Number A x B x C Number Size

A-544208LP 54 x 42 x 8 A-54P42 50 x 38 A-606016LP 60yhr x 60Vi6 x 16Vha A-60P60 56 x 56
A-604808LP 60 Vis x 48 16 x 8'/16 A-60P48 56 x 44 A-726016LP 72 V6 x 60 V16 x 16 Vis A-72P60 68 x 56
A-604810LP 60 V, x 48/is x 10 "" A-60P48 56 x 44 A-727216LP 72VYa x 72 a1 x 16'1,6 A-72P72 68 x 68
A-606010LP 60 1i x 60716 x 10,'/a A-60P60 56 x 56 A-604820LP 60Via x 48 Via x 20'/ia A-60P48 56 x 44
A-726010LP 72sa x 60'/ia x 10/ia A-72P60 68 x 56 A-726020LP 72 Via x 60 Via x 20'1,s A-72P60 68 x 56
A-727210LP 72/1 x 72V16 x 10/16 A-72P72 68 x 68 A-727220LP 72'/. x 72 Via x 20'/i A-72P72 68 x 68
A-604812LP 60/ia x 48/ia x 12 /ias A-60P48 56 x 44 A-604824LP 60Va x 48 V x 241a, A-60P48 56 x 44

A-606012LP 60hi x 60a x 12'. A-60P60 56 x 56 A-606024LP 60 S x 607!s x 24 'h6 A-60P60 56 x 56
A-726012LP 72 V x 60!1,. x 12Vhi A-72P60 68 x 56 A-726024LP 72Va x 60'1,, i 24/,s A-72P60 68 x 56
A-727212LP 72va x 72/ia x 12'/,G A-72P72 68 x 68 A-727224LP 72Via x 72 ia x 24h A-72P72 68 x 68
A nCa"eI 0 rnV. . A9.- I. C'/,. a.snnpta
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NEMA TYPE 12 ENCLOSURES
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HEAVY-DUTY, OILTIGHT PUSH BUTTONS
600 Volts Max. Ac/Dc 10 Amps Continuous

4/24/87, Rev. 0 =

D-5, D-5H,
D-5K

APPLICATION
* Especially adapted to machine-tool service or any applica-

tion where oil or coolant is present The convenient one-hole
mounting and small size also makes this line suitable for gen-
eral purpose use in equipment of all kinds where panel mount-
ing is possible. This line is ideal for applications where space
is at a premium and long life is essential.

PRICING INFORMATION
Push-button Units (Momentary contaCt)

CONTACT RATINGS
(600 Volts Max.) (Do not apply to UW234 and U300 forms)

Ca. r" Make 'Interrupting Capacity-Amps

Volts Continuous Momentary Ac Circuits I Dc inductive
:-. Amps . Amps Circuits

110-125 10 60 6.0 2.2
220-250 10 30 3.0 1.1
440-480 10 15 I 1.5
550-600 10 12 J 1.2 04

7/

4

Nameplate Selection...... pages 188, 189
Dimensions and Drilling

Plan page 189

n .. .

Operator Alone -_- _ Operator with Single Block (1NO-1NC) Operator with Double Block (2NO-2NC)
Color of I * .% -. - - ... :.. .

Butto nng - -alo (Front) - (Front) 0
and/or Button Catalog List Catalog Ust -.Catalog List

(Standard Number Price, o 0 (Back) Number Price, (Back) Number Price,
Button Sliver GO- SPOT .- - DPDT GO-

- Only) -- :-.' - 1010G

STANDARD WITH COLORED BUTTON

Black CR2940WA200B $10.80 CR2940WA202B S22.801 CR2940WA2038 34.8C
Red WA200C 10.80 WA202C 22.80 I . WA203C 34,8C
Yellow WA200D 10.80 WA2020 22.801 -WA203D 34.8C

Green CR2940WA200E 10.80 CR2940WA202E 22.80 CR2940WA203E 34.8C
White WA200F 10.80 WA202F 22.50 WA203F 34.8t
Blue WA200AR 10.80 WA202AR 22.80 WA203AR 34.8C
Orange WA200BY 10.50 WA202BY 22.8 WA203BY 34.8C
None CR2940WA200A® 10.60 ...... ......

All CR2940WA2D0YA 10.80. .......

STANDARD WITH COLORED RING

Black CR2940UA200B0 $10.80 CR2940UA2029 S22.80 CR2940UA2038 [3.4.8
Red UA200CC) 10.801 UA202C 22.80 1 UA203C 34.8
Yellow UA2000 10.80 UA2020 22.80 1 UA203D 34.8c

Green CR2940UA200E 10.801 CR2940UA202E 22.80 - CR2940UA203E 34.8C
White UA200F 10.80 UA202F 22.80 } UA203F 34.8
Blue UA200AR 10.80) UA202AR 22.80 I UA203AR 34.8r
Orange UA200BY 10.801 UA202BY 22.80 UA203BY 34.8

None@ CR294OUA200A 10.00] r ....... ... ....... ..

EXTRA LONG BUTTON (5/-inch Length)

Black CR294OUJ200B $10.80 CR2940UJ202B 122.80 t CR294OUJ203B $34.2
Red UJ200C 10.80 UJ202C 22.80 UJ203C 34.8

MUSHROOM HEAD (1'/1e-inch Diameter)

Black CR2940UK2.O0B $22.80 CR2940UK202B S34.80 CR2940UK2035 -46.8-
Red UK200C 22.80 UK202C 34.801 UK203C 46.&8
Yellow UK2000 22.80 UK202D 34.801 UK2030 46.8

Green CR294OUK200M 22.80 CR2940UK202M 34.801 i;'4 CR2940UK203M 4&8
White UK200AK 22.80 UK202AK 34.80 UK2O3AK 46.8
Blue UK200AC 22. UK202AC 34.801 UK203AC 46.8
Orange UK200AB 22.80 UK202AB 34.80 UK203AB 46.

None V'2940UK200BA@ 18.80 ....... .... _--...... ..

MUSHROOM HEAD (2/4-inch Di.. eter)

Black CR2940UK20OF $22.80 CR2940UK202F $34.80 CR2940UK203F $46.8
Red UK200H 22.80 UK202H 34.80 UK203H 46.8
Yellow UK200J 22.80 UK202J 34.80 UK203J 46.&-
Green CR294OUK200G 22.80 - CR2940UK202G 4 CR2940UK203G 4&.6
White UK200L 22.80 3kUK202 80 :A UK203L 46.6
Blue UK200K 22.80 UK202K 34.80 UK203K 4-6.
Orange UK200AL 22.80 UK202AL 34.80 1 UK203AL 46.8

Pnce does not rciudE narneplate. Must be ordered as a secarate itern. See page 188 for nameoiate ordeng and pnrng ritormatno
@@ Refer to table at too of page 179 for color caps and/or rusrnroom head buttons.

Urts are dndually boxed and Poiy-Packed" 20 per canon as standard.
Order "hrenO rng separately from page 186 (Accessories and Components).

REFERENCE:
Descriptive bulletin GEA-9473
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Sec.4 ALLEN-BRADLEY OILTIGHT PUSH BUTTONS sec.4
BULLETIN 800T

SELECTOR SWITCH UNITS
Prices Include - Prices for co'mplete units and operators only include a standard ncmeplore.

Contact
Arrangement

Bulletin 800T
Selector Switch
Cat. No. H28

Coin Slot
Selector Switch Unit

Type J6A

Bulletin 800T
Pilot Light

Cat. No. P26R

U B6A

1 NO-NC Contact

A.Le &JA~i

2 NO-NC Contacts

*L

1 NO.NC Contaoct

* US

2O C ona

2 NO-NC C ontacts

Complete Operator

Type of Unir Only
Operator

2 Standard
POSITION Coin Slot

Cylinder Lock
Lock in Left Position

Lock in Right Position
Lock in All Positions

2 Standard
POSITION Coin Slot

Cylinder Lock
Lock in Left Position

Lock in Right Position
Lock in All Positions

3 Standard
POSITION Coin Slot

Cylinder Lock
Lock in Left Position

Lock in Center Position
Lock in Right Position
Lock in All Positions

3 Standard
POSITION Coin Slot

Cylinder Lock
Lock in Left Position

Lock in Center Position
Lock in Right Position
Lock in All Positions

MOMENTARY CONTACT PUSI

ListNo. Each

H2A $28.00
H6A 36.00

H31A 52.00
H32A 52.00
H33A 52.00

H2B 40.00
H6B 48.00

H318 64.00
H32B 64.00
H33B 64.00

J2A 28.00
J6A 36.00

J41A 52.00
J42A 52.00
J4.3A 52.00
J44A 52.00

J2B 40.00
J613 48.00

J41B 64.00 J41 4000
J42B 64.00 J42 4000
J43B 6400 J43 40.00
J44B 6400 J44 40.00

H BUTTON UNITS

List
Nn. Each

H2 S16.00
H6 24.00

H31 40,00
H32 40.00
H33 40.00

H2 16.00
H6 24.00

H31 40.00
H32 40.00
H33 40.00

J2 16.00
J6 24.00

J41 4000
J42 40.00
J43 40.00
J44 40.00

J2 16.00
J6 2400

Extended Head
Price Of Unit Includes A Standard Nameplate

Color 1 NO-1 NC & 2 NO-2 NC 3 NO-3 NCOf SC oe 0C 0l
Button 

e .
No. List No. List No. List

Green OOT-SIA 800T.BIH
Black B2A S24.00 8 B $36.00 32BH S4800
Red6B 86H

RUBBER BOOTP L URUBBE BOOTPILOT LIGHT UNITS

Price Include -Prices include bulb, color

1 Transformer

Volts 60/50 Hertz

List
No. Color Each

80OTN5 Black $4.00
800TN6 Red 4.00
800TN7 Green 4.00

120
240
480
600

No. List Each

P16R S4400
P26R 44.00
P46R 44.00
P56R 44.00

* - Special colors available at no additional charge. Replci
of the listed catalog number with the color code number stable to the right.

I I A
uI-t

4 NO-4 NC

No. List
800T-S1C

B2C S60.00

cap and a standard nameplate. Deduct SI.20 if nomeplate s not req.ired.

Transformer Full Volrcge Full Voitoge-Type T ype T,,pePush-to-Test Filament EBulb Necn Eulb60/50 Hertz

No. List Each No. List Each No. List Each

PT16R $5600 Q1OR $3600 RIOA S3600PT26R 56.00 Q20R 36.00 R20A 36,00PT46R 56.00 - R
PT56R 56.00

ithe first number Color Orange Gray Blue Brown Yellow

Code 3 4 7 8 9

Contact
Bloc'. c'nly

List
No. Each

XA S12.00
XA 12.00

XA 12.00
XA 12.00
XA 12.00

XA 24.00
XB 24.00

XB 24.00
XB 2400
XB 24.00

XA 12.00
XA 12.00

XA 12.00
XA 12.00
XA 12.00
XA 12.00

XB 24.00
XB 2400

X B
XB
XB
XB

2400
24.00
2400
24.00

rKICES SHOWN ARE MANUFACTURER'S LIST 5"i"'tlci Tn %TANDARD INDUSTRIAL CONTROL DISCOUNTS.
N.1 Mian

4/24/87, Rev. 0
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1 9

Heavy Duty Oiltight Compact Pushbuttons - Operators Only
FILE

E30

WHEN ORDERING SPECIFY'

" Catalog Number of Operator
* Catalog Number of Button(s)
* Catalog Number of Contact Block(s)
" Catalog Number of Accessories

MAXIMUM AMPERE RATINGS
A-c Volts D-c Volts

Current 120 2401 480 600 125 1 250

Amperes Amperes

Make & Emerg. Interr. Cap. 60 30 15 12 1.1 0.55

Normal Load Break 6 3 1.5 1.2 1.1 0.55

Continuous Current 10

SINGLE BUTTON
NEMA 13

Dowrator %ith
Extendea Button

Two Button

Operato W h Lont

Rnendeas Buton

OPERATOR /WITHOUT BUTTON-

Catalog
Operation Special Features Number Price

E30
Momentary ...... AA 112.

TWO BUTTON OPERATOR /WITHOUT BUTTONS-NEMA 13

Operation
Special Features Catalog Price

Top Button Bottom Button Number

E30
Momentary Momentary ...... AB $19.20

Momentary Momentary With Mechanical AC 21.20
Interlock

Maintained Release With Mechanical AD 35.20
(All Contacts) (All Contacts) Interlock G

Momentary Momentary Top Button Operates
(All Contacts) (Bottom Both Top and AE 21.20

Contacts Only) Bottom Contacts

TWO BUTTON OPERATOR WITH LONG ("OFF")
RELEASE BAR /wlTHOUT BUTTONS-NEMA 13

Operation
Special Features Catalog Price

Top Button Bottom Button Number

E30
Maintained Maintained ...... AF $22.
Maintained Maintained With Mechanical AG 24.

Interlock

Maintained Momentary With Mechanical AH 24.
Interlock

Maintained Momentary Top Button Operates
(All Contacts) (Bottom Both Top and AJO 32.

Contacts Only) Bottom Contacts

Maintained Maintained Top Button Operates
(All Contacts) (Bottom Both Top and AKE 32.

Contacts Only) Bottom Contacts
0 Operators are supplied as standard with red extended release bar(s) marked "OFF" as shown in sketch. Forother colors or markings refer to your Cutler-Hammer Distributor or C-li sales etfice. For replacement atata ndard red release bar, order E30KRIOG ($2.40).O Limited to two single circuit. one double circuit 600V or two 120V (E3OKLA9) contact blocks behind each button.) Buttons are interlocked so tleat one ao the two is maintained at all times. Depressing the other button releasesthe maintained botton and maintains the depressed button-

BUTTCN TYPE
REQUIRED

TYPE A

ORDER FROM TABLE
ON PAGE 194

BUTTON TYPES
REQUIRED

BUTTO N TYPES
REQUIRED

TYPE :11

TYP Fl'

cil

ORDER FROM- T ABLE

ON PAGE 14

DISCOUNT SCHEDULE 2C0

n_1 1 2

ACCESSORIES AND CONTACT BLOCKS, Pages 196 and 197
Electrical Electronic

F;i Co* u~ntrol
189

4/6181

4/24/87, Rev. 0

CUTLER-HAMMER PILOT DEVICES
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CUTLER-HAMMER PILOT DEVICnS
4/611FILE

E30

Two Button Operator
With Release Bar

for Top Button

Two Button Operator
W/ It'dividuat Release
Bars tot Eact Button

single Indicating
Light Unit

Dual Indicating
Lght Unit

Heavy Duty Oiltight Compact Pushbuttons
and Indicating Lights - Operators Only

TWO BUTTON OPERATORS WITH ("OFF") RELEASE
BAR(S) /WITHOUT BUTTONS-NEMA 13

Operation
p Special Features Catalog PriceTop Button Bottom Button Number

E30Maintained Momentary Release Bar for
Top Button AL $24.

Maintained Maintained Individual Release
Bars for Each Button AN 28.

Maintained Maintained Individual Release
With Interlock Bars for Each Button AM 32.

SINGLE INDICATING LIGHT UNIT/WITHOUT LENS-
NEMA 13

Type of Light Element

Transformer - Full Volta e
(60/50 Hertz A-c) (60/50 Hertz A-c or D-c)

Volts Lamp No. Cat. No. Price Volts Lamp No. Cat. No. Price

E30 E30

120 BA $49.60 6 6PSB BF $33.60208 BW 57.60 12 12PSB BG 33.60240 #259 BB 57.60 18/24 24PSB BJ 33.60380 BC 57.60 28 28PSB BS 33.60480 BD 57.60 32 28PSB BKO 41.60600 BE 57.60 48 48PSB BL 33.60
...- I. ... .. 120 120PSB BM 33.60

DUAL INDICATING LIGHT UNIT /WITHOUT LENSES-
NEMA 13

Type of Light Element

Transformer Full Voltage
(60/50 Hertz A-c) (60/50 Hertz A-c or 0-c)

Volts Lamp No. Cat. No. Price Volts Lamp No. Cat. No. Price

E30 . E30

120 CA $91.20 6 6PSB CF $67.20208 CW 99.20 12 12PSB CG 67.20240. 6PSB CB 99.20 18/24 24PSB C. 67.20
380 CC 99.20 28 28PSB CS 67.20480 CD 99,20 32 28PSB CK 1 75.20
600 CE 99.20 48 48PSB CL 67.20
-.. - r e a - - - . . .120 120PSB CM 67.20

0 Operators are supplied as standard with red extended release bar(s) marked "OFF" as shown in sketch. FoI
ther colors or markins refer to your Cutler-Hammer Distributor or c-H sales office. For replacement ofstandard red release bar, order .30KRIOI ($2.40).

0D28 Volt Lamp with series resistor.

BUTTCN TYPES
REQUIRED

TYPE ! 0

17.Q1 i~
'. TYPE 3

I=

I TYPE I

C

LENS TYPE
REQUIRED

TYPE F

ORDER FROM TABLE
ON PAGE 195

LENS TYPES
RE[QU IRED

TYPE G

TYPE G

ORDER FROM TABLE
ON PAGE 195

ACCESSORIES AND CONTACT BLOCKS, Pages 196 and 197PJ Electrical Electronic
Contro

190
DISCOUNT SCFEDULE 2CD

r) - 1 1A

190

1 706-KE

(

(

(
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CUTLER-HAMMER PILOT DEVICES

Heavy Duty Oiltight Compact Combination
Pushbutton and Indicating Light Operators

4/24/87, Rev. 0

191

FILE

E30

; WHEN ORDERING SPECIFY
a Catalog Number of Operator 9 Catalog Number of Contact Block(s)
e Catalog Number of Button(s) or Lens(es) o Catalog Number of Accessories

SINGLE BUTTON OPERATOR WITH INDICATING
LIGHT /WITHOUT BUTTON OR LENS-NEMA 13

Type of Light Element

Operation Transformer Full Voltage
(Bottom (60/50 Hertz A-c) (60/50 Hertz A-c or D-c)
Button) - -___ ___-____ - -____-___ ___

Lamp Cat. Lamp Cat.Volts No. No. Price Volts No. No. Price

E30 E30
120 DA $59.20 6 6PSB DX1 $43.20
208 DN 67.20 12 12PSS DX2 43.20Momentary 240 6PSB DB 67.20 18/24 24PSB DX3 43.20380 DC 67.20 28 28PSB DX4 43.20480 DD 67.20 48 48PSB DX6 43.20600 DE 67.20 120 120PSB DF 43.20

SINGLE BUTTON OPERATOR WITH ("OFF") RELEASE
BAR AND INDICATING LIGHT /WITHOUT BUTTON OR
LENS-NEMA 13

E-

Single Button Operator
Wills Indicating Light

ON

Single Button Operator
With Release Bar

and Indicating Light

Two Button Operator
With Indicating Light

BUTTON AND LENS
TYPES REQUIRED

TYPEYG

TYE a

ORDER FROM TABLES
ON PAGES
194 & 195

BUTTON AND LES
TYPES REQUIRD

TYPE G

ORDER FROM TABLES
ON PAGES

194 & 155

BUTTONS AND LENS
TYPES REQUIRED

=TYPEE

FYTY E '

TYP E E1

ORDER FROM TABLES
ON PAGES

195 & 156

0 These sneratort are supplied as standard with red extended release bar(s) marked "OFF" as shown in sketch. For other colors ormarkings refer to your cutler-Hammer Distributor er c-HSales attice. For replacement of standard red release bar, order E30KR101 ($2.40).

DISCOUNT SCHEDULE 2CD DIMENSIONS, Pages 202 and 203 REPLACEMENT LAMPS, Page 256 ACCESSORIES AND CONTACT BLOCKS, Pages 196 and 137
17 LElectrical Elec:tonic

~i ~ iControl

,4/6/81

Type of Light Element
Operation Transformer Full Voltage
(Bottom (60/50 Hertz A-c) (60/50 Hertz A-c or D-c)
Button) - - ___-___- ___ __________ ___

Lamp Cat. Lamp Cat.Volts No. No. Price Volts No. No. Price

E30 E30
120 DG $63.20 6 6PSB DX11 $47.20
208 DP 71.20 12 12PSB DX12 47.20Maintained 240 6PSB DH 71.20 18/24 24PSB DX13 47.20380 D 71.20 28 28PSB DX14 47.20
480 D K 71.20 48 48PSB DX16 47.20
600 DL 71.20 120 120PSB DM 47.20

TWO BUTTON OPERATOR WITH INDICATING
LIGHT /WITHOUT BUTTONS OR LENS-NEMA 13

Type of Light Element

Transformer Full Voltage
Button (60/50 Hertz A-c) (60/50 Hertz A-c or D-c)Operation

Lamp Cat. Lamp Cat.
Volts No. No. Price Volts No. No. Price

E30- E30
120 EA $68.80 6 6PSB EXI $48. ZO
208 EN 76.80 12 12PSB EX2 48.83

Momentary 240 6PS8 EB 76.80 18/24 24PSB EX3 48.E3380 EC 76.80 28 28PSB EX4 48.8F3
480 ED 76.80 48 48PSB EX6 48. 0
600 EE 76.80 120 120PSB EF 48.20

120 EG 72.80 6 6PSB EXII 5 2.30
208 EP 80.80 12 12PSB EX12 52.20Momentary 240 6PSB EH 80.80 18/24 24PSB EX13 52.20With Interlock 380 EJ 80.80 28 28PSB EX14 52.80
480 EK 80.80 48 48PSB EX16 52.80
600 EL 80.80 120 120PSB EM 52.80
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ALLEN-BRADLEY CONTROL RELAYS Sec. 4
ALLEN-BRADLEY

BULLETIN 700-
- TYPE N

CONTROL RELAYS
Convertible Contacts

Open Type

Comoact construction great-
ly reduces relay panel size
and simplifies panel lay-
out, wiring and mainre-
nance. All relays have con-
vertible contact cartridges
which can be arranged in
any NO/NC combination.
Relays are manually oper-

ated by pressing red bar at the center of
nameplate; red bar also gives visual indi-
cation of relay operation. Timers are sup-
plied with On-Delay action, easily con-
verted to Off-Deiay and have 2 double-
break contacts; contact arrangement is 1
NO and I NC, convertible to either 2 NO
or 2 NC. Timing range 0.2 to 60 secs.
Accuracy !1% of the setting. Specify Volt-
ages and Frequency.

No.

700-N200
700-N400
700-N600
700-N800

No. Of
Contacts

Electrically Held Relays
2
4
6
8

With Pneumatic Timer
700-NT200 2
700-NT400 4

List
Each

S 48.00
64.00
80.00
96.00

S160.00
176.00

Permanent Magnet Latched Relays
700-NM200 2 S104.00
700-NM400 4 120.00
700-NM600 6 136.00

With Penumatic Timer
700-NMT200 2 S21600

Accessories
Mounting Strips - Simplifies panel layout.
These indexed strips are easily cut to the
required length and bolted, riveted, or
spot-welded in place. Relays are installed
adjacent to one anorher on the mounting
strip with the captive mounting screws
provided. Rows of relays on mounting strip
form their own wiring trough.

No.

700-M4
700-M8
700-M12
700-M16
700-M32

Relays
Per Strip

4
8

12
16
32

List
Each

S 4.00
6.00
9.00

11.00
23.00

Front Deck - Can be attached to Bulletin
700 4 pole or Bulletin 700DC 3 pole Type
N relays and Bulletin 700 or Bulletin
700DC 2 pole Type NM relays. Provides
up to 4 additional convertible poles -
without changing the mounting area.

No. Front Deck With
List
Each

700-NA20 2 Contact Cartridges S16.00
700-NA40 4 Contact Cartridges 32.00

ALLEN-BRADLEY
BULLETIN 700 TYPE R-RM

300 VOLT CONTROL RELAYS
Seaed Contacts

Open Type

The Type R seuled
switch relay is an indus-
trial type relay, designed
for high contact reliabi-
lity in dust and contami-
nant iaden atmospheres,
as well as for low power
and dry circuits. It is
available with from one

4 Pal Ty R to eight electrically iso-

le ype lated contacts in anyRelay combination of normally
open or normally closed contacts. The
mounting and wiring are identical to the
Type N 300 volt control relay. Coils are
available for all standard voltages both
No.
of

Poles

0
2
2
2
3
3
3
3
4
4
4
4
4
5
5
5
5
5
5
6
6
6
6
6
6
6
7
7
7
7
7
7
7
7
8
8
8
8
8
8
8
8
8

- T
place
from t

Contacts
NO NC

Electrically Held
AC Relay Only DC Relay
No.* List No.*

700- 700DC-
R000- S64.00 ROOO-
R200- 104.00 R200-
R110- 10800 R110-
R020- 112.00 R020-
R300- 120.00 R300-
R210- 124.00 R210-
R120- 128.00 R120-
R030- 132.00 R030-
R400- 136.00 R400- '
R310- 140.00 R310-
R220- 144.00 R220-
R130- 148.00 R13 0.
R040- 152.00 R040.
R500- 152.00 R500-
R410- 15600 R410-
R320- 160.00 R320-
R230- 164.00 R230-
R140- 168.00 R140.
R050- 172.00 R050.
R600- 168.00 R600- 1
R510- 172.00 R510-
R420- 176.00 R420-
R330- 180.00 R330-
R240- 18400 R240- 1
R150- 18800 R150- 1
R060- 192.00 R060-
R700- 18400 R700- 1
R610- 188.00 R610-
R520- 192.00 R520- 1
R430- 196.00 R430- 1
R340- 200.00 R340- 1
R250- 204.00 R250- 1
R160- 208.00 R160- 1
R070- 212.00 R070- 1
R800- 200.00 R800-
R710- 20400 R710-
R620- 20?.00 R620- 1
R530- 212.00 R53u-
R440- 216.00 R440-
R350- 220.00 R350-
R260. 224.00 R260.
R170- 228.00 R170-
R080- 232.00 R080-

AC and DC up to 300 vah-s. Consult the
factory for other than st da-d voltages.
The total inout to the coii is 6.5 volt-
amperes. Specify voltage and frequency.
The Type RM is a mognetic actahina relay
which has bi-stcble sea!ed -ontcat: car-
tridges. The coil module ca-'ntcins two coil
windings - one to latch t.e contacts and
the other to reset the con:acas. Both coils
may be energized at the scne time. To in-
sure operation of all cc-naacs, the larch
and reset signals should be Czalied for at
least 50 milliseconds. The color coded
contcct cartridges contcin a sinale sealed
switch in a controlled acs otmoshnere.
The contacts are made o -rungsten to pro-
vide long life and have a fu!I NEMA 8300
AC contact rating, as weli as a NEMA
P300 DC current rating.

Magnetic L:hing
Only AC Relay Only DC Relay Only
List No.* List No.* List

700- 700DC-
544.00 RMOOO- $168.00 RM000. S128.00
84.00 RM200- 22800 RM200- 1 88.00
88.00 RM110- 228.00 RMI10. 188.00
92.00 RM020- 228.00 RMO20- 188.00

100.00 RM300- 254.00 RM300- 214.00
104.00 RM210- 254.00 RM210. 214.00
108.00 RM120- 254.00 RM120- 214.00
412.00 RM030- 254.00 RM030. 214.00
116.00 RM400- 280.00 RM400- 240.00
120.00 RM310- 280.00 RM310- 240.00
124.00 RM220- 280.00 RM220- 240.00
128.00 RM130- 280.00 RM130. 240.00
132.00 RM040- 280.00 RM04O- 240.00
132.00 RM500. 30600 RM500- 266.00
136.00 RM410- 30600 RM41 0. 26500
140.00 RM320- 306.00 RM320- 266.00
14400 RM230- 306.00 RM230. 26600
148.00 RM14O- 306.00 RM140. 266.00
152.00 RM050- 306.00 RM050- 266.00
48.00 RM600- 332.00 RM600- 292.00
152.00 RM510. 332.00 RMS10- 29200
156.00 RM420- 332.00 RM420- 292.00
160.00 RM330- 332.00 RM330. 292.00
6400 RM240- 332.00 RM240- 292.00
68.00 RM150- 332.00 RM150- 292.00

172.00 RM060- 332.00 RM060- 292.00
6400 RM700- 358.00 RM700- 318.00

168.00 RM610- 358.00 RM610- 318.00
72.00 RM520- 358.00 RM520. 31800
76.00 RM430- 358.00 RM430. 318.00
80.00 RM340- 358.00 RM340- 318.00
8400 RM250- 358.00 RM250- 318.00
88.00 RM 160- 358.00 RM160- 31800
92.00 RM070- 358.00 RM070- 318 00
180.00 RM800- 384.00 Nt 300- 344.00
184.00 RM710- 384.00 r 710- 344.00
88.00 RM620- 38400 RM620- 34400

1l.00 RM530- 384.00 RM530. 34400
19600 RM440- 38400 RM440- 34400
200 00 RM350- 38400 RM350- 344 00
20400 RM260- 38400 RM260- 34400
20800 RM170- 384 00 RM170. 34400
212.00 RM080- 38400 RM080- 344 00

he catalog number as listed is not com lete. To complete the catalog number, re-
the dash at the end with a voltage ond frequency identification number selected

he table below.

Type
of Hertz Coil Volis

Relay 24 32 48 64 110 1115-125 120 208 220 1230-250 240

AC 60 A24 A32 A48 64 - - A] A20 A2
50 B24 B32 848 664 A - - 820 A2 - -

DC Z24 Z32 Z48 Z64 - Zl I - I - I I
Z2 I -

URER'S Ll '*-'~~~~~ TO STANDARD INDUSTRIAL CONTROL DISCOUNTS.
n -1ir 1 IL*""*

Sec. 4
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KELLEMS®
SEALTITE@ CONDUIT GRIPS
WITH THOMAS AND BETTS FITTINGS

4/24/87, Rev. 0

//88L

-- 1
.. 5

LISTED
893D

-5
-K-5352

- I -

i- - - --

~? l~-

Standard Liquid-Tight Fittings for Machine
Tool Wiring

or
For JIC boxes. Use New Chase Liquid Tight Connectors

FITTINGS MEET ALL
CODE REQUIREMENTS

Take up less space in box than conventional connectors.
Tighten from outside enclosure.

NEVER-FAIL MOISTURE SEAL
Exclusive design and construction features pr)-.-,de positive
moisture-proof sealing. Nylon sealing gland covers a wide area-
eliminates damage to the conduit jacket.

EXCEEDS U.L. GROUND AND STRENGTH
REOUIREMENTS

The screw-in ground cone is forced against the connector body as
the gland nut is tightened. The result is less than a 12 milli-volt drop
to ground. This type of seal has twice the pullout strength required
by U.L. Standards. -

BUILT-IN INSULATION
Lines the entire throat of the connector. Eliminates the necessity of
screwing a separate insulation bushing onto the thread length.
Protects conductor insulation from abrasion due to vibration,
thermal expansion and contraction.

C9

LISTED
898D 4

K-5342

- --

'Fitting thread diarnter is 1/2" for 3/8" trade size conduit.

CHASE
SPACE-SAVER
CONNECTOR

\lrtsl lengths ire .i:;ei *itn.

(
A B C

1. Remove Chase Nipple from body. 0 Ring remains seated on nipple.
2. Slip Grip (A) over Scaltie conduit. Push end of Grip against fittings

to enlarce "basket."
3. Slide nylon gland () over Sealtite conduit - tapered end out

towjrds brass g- , -d cone.
4. Screw brass gr; .J cone (C) socurely into the end of the Sealtite

crnid.it,-
5. Slide Grip tow.-rd open end of conduit until nylon makes contact

' 5"
V

1

~1 0§ f(') --

D

GRIP CONNECTORS

ARE EASY

TO INSTALL

E

viith brass ground cone.
6. Place inre-ad end of nipple (E) through knock-n-it fr-n iiisii, tli x.

7. Spin the steel body (0) onto the nipple thru'ads. Ti3h:en body v.ilh
pliprs or v.7ench.

8. Engage threads of gland nut (A) and fittnij !l-,y 10) -!d I -i

with a v.rench. Action of gland nut conpnress-s nylri n'i i-..nioy
for liquid tight seal.

18 - 1 -

(

(

K
Dimensions 90 ANGLE WITH MAL.E FITTING 45' ANGLE WITH MALE FITTING
-Inches- INSULATED NON-INSULATED . INSULATED NON-INSULATED

Trade Mesh Part Descrip- Part Descrip- Part Descrip- Part Descrip-
Size Lengiht Number tion Number tion Number tion Number tion

'3/8 3 074-06-061 K-5351 074-06-041 K-5251 074-06-088 K-5341 074-06-031 K 5241
1/2 3-1/2 074-06-062 K-5352 074-06-042 K-5252 074-06-089 K 5342 074 06032 K 5242
3/4 4 074-06.063 K-5353 074-06-043 K-5253 074-06-090 K-5343 07406033 K b2-13

1 5 074-06-064 K-5354 074-06-014 K-5254 074-06-091 K-5344 0/4 060:1.1 K 5214
1-1/4 6 074 06-065 K-5355 074-06-045 K-5255 074-06-092 K 5315 074 106 035 K i? :5
1-1/2 6-3/4 074.060(36 K-5356 074-06-046 K-5256 074-06-093 K-53.6 074060G. K 5?-l

2 8 074-06067 K-5357 074-06-047 K-5257 07-106-094 K-53-17 07G106 037 K 5.47
2-1/2 9-3/4 074-06-068 K-5358 074-06-048 K-525S 074-06-005 K -53-13 074 06 03% K :,IF

3 11 074-06-009 K-5359 074-06-049 K-5259 074-0G-006 K-5349 074 0G0:9 K ,2-'
4 14 074-06-070 K-5360 07406-050 K 5260 1074-06 07 K -5350 074 06-040 K 5251
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-TIME i 4DELAY.1;

-COUTPUT CN

* UL recognized
" CSA certified
" Approximate dimensions:

1-7/8"L x 2-1 /16"H x 2-1/16"D

SPECIFICATIONS:
1. Mode of Operation (Delay on Make)

Upon application of power to the input terminals the time
delay cycle is initiated. At the end of the delay period. the
output contacts transfer, either connecting or disconnecting
the load. Reset is accomplished by removal of input power.NOTE: Series TIR is not subject to inherent false operation.

2. Input
a. Voltage: Available in values from 24 VAC to 230 VAC

and from 12 VOC to 110 VDC.
b. Allowable variation from nominal: o10%
c. Frequency: 50/60 Hertz

3. Time Delay Range
The TIR series time delays are preset to render a specific delay.The units are available with delays of 1 to 480 seconds at onesecond increments and less than 1 second at 1 /10 second
increments.

4. Output
a. Type: Relay
b. Contact rating: 10 amperes resistive at' 115 VAC or 28

VoC
c. Form: DPDT
d. Life: Mechanical - 10.000.000 operations

Under full load - 1.000.000 operations
5. Physical Data

a. Mounting: Surface. panel mount
b. Connection and termination. Ouick connect/solder
c. Weight: 4 ounces
d. Dimensions: See figures 7 & 8 on dimensional outline

sheet, page 34.
6. Accuracy (applicable to time delays between 1 and 180

seconds only)
a. Repeat accuracy: Typical ±5%

Maximum under fixed conditions :7%
Under extreme varying voltage and
temperature conditions: :10%

b. Variation from nominal (fixed time delay): ±5%
7. Time Delay Adjustment

a. Factory fixed
8. Reset Time

a. During timing: 100 MS
b. After time out: 100 MS

9. Temperature Tolerance
a. Operating environment: -100 to +600C
b. Storage environment: -200 to +85 0C

FEATURES:
* Surface mounting
* DPDT 10 amp output
* Factory fixed delays

5-yracuse electronics
CORkORATION

M.P Bcx 566 -Syracuse, Nei,/t4k 13201-(315) 488-4911

10. Protection
a. Transient: Double the line voltage for one full cyc e.

repetitive
b. Surge: 15 amperes for one half cycle, repetitiveC. Inverse voltage protection provided on all D.C. units

11. Connection Diagram

- INPUT -

12. Ordering Information
When ordering follow the examole below to obtain the pannumber Of the time delay relay required.
The example part number identifies:
1. TIR Series Time delay relay
2. Operating from 115 VAC inout
3. With a fixed delay of 30 seconds :5%
4. With a chassis mount/quick connect termination

Example Part Number TIR 115A 30 2 T
SERIES
INPUT VOLTAGE

(Obtainable from Spec:fication -2)
TIME DELAY

(Obtainable from Soecificaion =3)
TYPE MOUNTING

(Obtainable from Specification =5d)
TRANSIENT PROTECTION
(Obtained by adding the suffix -T- to the ran number)Series TIR is covered under the Uncerwriters Laboratories
Recognized Component Program.

File No.: E38885A
Guide No.. ATNZ2

Certified under CSA File No LR-28845 Guide No 184.N-90

C

8 D-120
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Current metering relay for AC.
6. Metering range: 0.1-500 A with current

metering transformer.
:: Knob-adjustable trip point.

Latching at set level-possible.
10 A SPDT output relay.
LED-indication for relay on.
AC- or DC supply voltage.

SM 115
Knob-adjustable

SPECIFICATIONS
Common technical data
and ordering key
Pages 10-12.

Input voltage
Pins 5-7: 0.1-4 V.
Max. 50 V.
Pin 5 positive.

Hysteresis
App. 10 */o-
The hysteresis can be ex-
tended to app. 75 /o by con-
necting a resistor between
pins 8-9. Resistor limits are
1 MQ and 15 Kf. The hyste-
resis increases by decreasing
resistance.

Latching
The relay shall latch at set
level when pins 8 - 9 are inter-
connected.

AC measurements
1- or 3-phases;
Are made in conjunction with
one of the current metering
transformers type MI or
type MP. These transfor-
mers deliver an output voltage
between 0.1 and 4 V being
proportional with the current
flowing in a conductor. drawn
through the central hole of the
transformer.

Accessories
Bases.
Hold down spring.
Mounting rack.
Base covers.
Front mounting bezel.

Current metering transformers,
type MI and type MP.
See catalogue on accessories.

WIRING DIAGRAMS

Example 1 Example 2

Black Black
a 7 5 7 Latching

1-phase
SM 115 AC current SM 115

metering

MODE OF OPERATION
Example 1
AC CURRENT METERING (1-phase).
The relay operates when the current
reaches the set value. The relay releases
when the current drops at least 10 0/
below the set value (see hysteresis) or
by disconnecting the supply voltag--

Example 2
AC CURPENT METERING (1-phase).
LATCHING.
The relay operates when the current
reaches the set value and then latches in
operating position. The relay releases by
removing the latch, i. e. by opening the

Example 3 Example 4

o 0O

Black Black
507 7 Latching

11 3-phase ®
SM 115 AC current SM 115

metering

contact between pins 8-9. provided that
the current has dropped at least 10 0/o
below the set value (see hysteresis), or
by disconnecting the supply voltage.

Example 3
AC CURRENT METERING (3 phases).
The relay operates when the current in
any of thie phases reaches the set value.
The relay releases when the current in all
3 phases drops at least 10 */1 below the
set value (see hysteresis) or by discon-
necting the supply voltage.

Example 4
AC CURRENT METERING (3 phasesi.
LATCHING.
The relay operates when the current in
any of the phases reaches the set valu-c
and then latches in the operating
position. The relay releases by removingthe latch. i. e. by opening the contact
between pins 8-9. provided that the cu.
rent in all 3 phases has dropped at lenst'
10 G/o below the set value (see hysterc-
sis), or by disconnecting the supply
voltage.

OPERATION DIAGRAMS Example 2-4
Example 1-3

Supply voltage

Set value
- 10 */ - ~-- -- -----

Input voltage -
pins 5-7

Relav on

Supply voltaoe

Latching

Set value
- 10 /o--.-.-.-.-.-.-............

Input voltage
pins 5-7D-122 Relav on



Single-phase current metering transformers for use in
conjunction with S-SYSTEM type SM 115 - SG 195

The voltage output is proportional with the current flowing in a con-
ductor drawn through the central hole of the current metering trans-
former. It is possible to use the current metering transformers, for
instance the MI 5, for measurements far below the nominal range by
drawing the conductor more times - for instance 5 - through the
central hole, resulting in the range 0.1-1.0 Arms.

TYPE MI 5 MI 20 MI tOo MI 500
Current range
n co rrnctor 05-5.., 2-20 A., 10 100 A,, SO- O A,

voltage output
"co inpnc,,o 0. 1-4 V... 0. 1-4 V_. 0. 1 4 V_, 0. 1.4 v,,a

Max. current 20 A 50 A 250 A 700 A

"'" 700 W 200 W 40 J 10 U

Power loss m 100 mW' :A <. 0mW:20A! < 0.5 W. 100 A < 6 W/500 A

Arrent temo. -20-C to .60-C -20-C to -60-C -20'-c to -60-C -20-c to .60C

We-gn 70 grammes 70 grammes 270 grammes 270 grammes

e c,l: "- t metre [ metre 2 metres 2 metres

Materral ASS ABS ABS ARs

1706-KE

MI 5- MI 20
MI 100 - MI 500
JD 20
JD 100
JD 500

DIMENSIONAL DRAWINGS

b

e

6
DC current metering transformers
For use in conjunction with S-SYSTEM type SJ 125

Parameters / Tyoe JD 20 JD too J0 500
Current range
nomInal 2 - 20 A 10 -100 A 50 - 500 A
Max. current
(cotinuousln at + 20C 22 A 110 A 550 A
Max. current
Iduratron 5 s1 40 A 200 A 700 A
Amoient
temoerature 0 to . 40-C - 20 to - 60C - 20 to S OC
Suooln voltage t/ S'
lsuoed from SJ 125) 12-24 VOC 0 12 -24VDCi . 12-24 VC 1
Current consumptron
Ityp. 25 mADC 25 rnAOC 25 mADC
Current outout 0 - 20 mADC 0 - 20 mAOC 0 - 20 mADC
Tolerance of
current outout tyo.) 5 /. 5 */a 5 /.
Temoerature .nhuence
(rotated to - 20'C). typ. t 0.1*./c t 0.1.//C 0.1//C
Mouldeg connection caste.
gmme.o 70.I4 mm . 4 mm -x0 2 m 2 m
Materraricolour, housmg .' Blue ABS/lue AB5/Blue
Wegent n grams laoproJ.. jt() 300 . .- 300

1) The conductor on which you meter is drawn through the central hcle of
the current metering transformer. It is possible to meter currents below the
nominal range by drawing the conductor through the hole more times. If
the conductor is drawn through the central hole for instance 5 times, the
metering transformer will register 5 A when the current in the conductor is
1 A. In any case, the direction of the current must match the direction indi-
cated by an arrow on the current metering transformer which is connected
to the S-system as shown on the catalouge sheet concerning SJ 125.

d

36

68

Type a b c
MI 5
MI 20 12 

5 3  4

Mi 100
MI 500
J020 27 95 7
JD 100
Jo 500

S..--...-...- 0-123

4/24/87, Rev. 0
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Mocel 368 - DC inputs, Model 369 -
A' inPuts ind Model 370 - Temperature
(Thermocouple inputs)

OPERATIONAL DESCRIPTION
Jewell controllers are in constant use reg-
ulating critical processes for some of the
world's largest corporations. The Jewell
Indicating Controller (also referred to as
Meter Relay) is one of the most versatile
units in the industry. With the many op-
tions available, there are literally thou-
sands of combin 'ations that can be speci-
fied to meet your exact control require-
ments.
Plug-in outout cards add to the versatility.
The range, control action, or relay logic
can be easily changed. This permits quick
upgrading of your controller when your
requirements change. The modular con-
struction allows your local distribution/
modification center to provide quick de-
livery of a controller custom engineered
to your process requirements.

DESIGN VERSATILITY
SETPOINTS:
Single Setpoint (std.)
Dual Setpoint (option)
Slave Selpoint (opti-.-'
CONTROL ACTIG i
On-Off (std.)
Time Proportioning (option)
Latching Relay with Manual Reset (option)
Contro Disabie (option)

RELAY ACTION:
Primary Relay energizes above setpoint
(std),
Auxiliary Relay energizes below setpoint
(std.)
Optional Relay Action Available

SETPOINT ADJUSTjENTS:
Push to Set (std.)
Internally Fixed Setpoint (option)
Screwdriver Adjustable Setpoint (option)

24

CONTROL OUTPUTS:
DPDT Relay Output (std.)
Solidstate (Triac) Output (option)
SUPPLY VOLTAGE:
120/208/240 VAC, 50-60 Hz Power Supply
(std.)
24/120 VAC, 50-60 Hz (option)
DISPLAY:
Horizontal and Vertical Mounting (std.)
Special Dials (option)
Offset Ranges (option)
Suppressed Ranges (option)
MISCELLANEOUS:
Recorder Output (option)
AC Current Time Delay (option)
STANDARD FEATURES
COLD JUNCTION COMPENSATION -
Temperature sensitive resistor compen-
sates for changes in ambient temperature
at thermocouple input terminals, providing
accurate control over ENTIRE tempera-
ture operating range. Model 370 only..
CONTROL FUNCTION - Single setpoint
with DPDT relay output.
CONTROL POINT SETABILITY - Each
setpoint is adjustable over entire control-
ler span. On dual setpoint units, each set-
point can be adjusted over entire range
regardless of the position of the other.
DEAD SET POINTER -Each setpoint is
equipped with a mechanical reference
pointer which indicates position of control
setting.

DESIGN FLEXIBILITY -Allows for com-
plete interchangeability with older, "round
barrel designs. By adding (4) .156 DIA
holes to 1/4 DIN opening, "round bar-
reled meter relay can also be used in
cutout (Reference Drawing on page 41.)
DISPLAY - Rugged 4-1/2 inch, pivot and
jewel meter.
FIELD CHANGEABLE RELAY LOGIC-
Relay lcgic is easily changed by reversing
two jumper wires. Both relays can be in-
depencently made to energize above or
below setpoint.
FRONT MOUNTED L.E.D. - Indicates re-
lay energized condition.
FRONT PANEL MOUNTING - 1/4 DIN
housing mounts from front panel.
MODULAR PLUG-IN BOARDS - Permits
quick upgrading should your requirements

change and custom tailoring for your
needs by our national network of modifi-
cation centers.

PLUG IN RELAYS - Standard.
PLUG IN POWER SUPPLY - Standard
Voltage 120, 208, 240 VAC at 50-60 Hz.
SCREW TYPE BARRIER STRIPS - Pro-
vide quick, easy wiring.
SETPOINT ADJUSTMENT -The control
setpoint potentiometer is a push-to-en-
gage type which prevents an inadvertent
change of the selpoint position.
SLIDE MOUNT FEATURE - Permits re-
moval from housing by loosening one
front panel screw.

SOLID-STATE DEPENDABILITY - Solid-
state design permits unit to continue con-
trolling the process in the event the meter
is damaged.

UPSCALE THERMOCOUPLE BREAK
PROTECTION (FAILSAFE) - Safe proc-
ess shutdown in the event Thermocouple
opens. Model 370 only.
VERTICAL OR HORIZONTAL MOUNT-
ING - Accommodates various installation
requirements.
CUSTOi1; OPTIONS
AC CURRENT TIME DELAY - Internal
circuitry prevents control action from oc-
curring during initial current surges, for
example, in motor starting applications.
(Model 369 only).
CONTROL DISABLE SWITCH - Switch
and associated circuitry permit immecdate
shutdown of process or equicment by dis-
abling relay(s). Switch and function LE.D.
are mounted on front panel. Can be used
with single or dual setpoint units. On dual
setpoint units, it can be employed on pri-
mary. auxiliary or both setpoints.
DUAL SETPOINT CONTROL - Auxiliary
(second) setpoint. Features pusi-to-set
adjustment, and DPDT relay output. Sup-
plied with second front panel mounted
L.E.D. to display state of second setpoint
relay.
EXTENDER BOARD -Accessory board
plugs between controller housing and
controller electronics exposing circuitry
for servicing or fine tuning of proportion-
ing parameters.
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FIXED SETPOINT(s) - Setpoint is preset
to predetermined value before shipment.
Setpoint value(s) can be changed in field
through internal adjustment. Provides
tamper-proof control for single or dual
setpoint units. On dual setpoint units, it
can be employed on primary, auxiliary or
both setpoints.
LATCHING RELAY WITH MANUAL
RESET SWITCH - Upon relay actuation,
relays latch (remain) energized regardless
of process status. Relays will de-energize
only when: 1) Panel mounted reset button
is pushed and, 2) process condition has
cleared. Used in high and low limit con-
trol. Relays will latch in energized condi-
tion only. Can be used on single or dual
setpoint units. On dual setpoint units it
can be employed on primary, auxiliary or
both setpoints.

NON-STANDARD RELAY ACTION -
(single or double setpoint). Any combina-
tion of relay action above or below set-
point is available.
OFFSET RANGES - Offsetting a range
allows zero to be positioned anywhere on
the dial. Allows for ranges such as
(- 20ma) to (+ 40ma), zero center or
zero right.
RECORDER OUTPUT - Provides 0-1
VDC output on rear panel for connection
to an auxiliary recorder. When supplied
on a dual setpoint controller, the high set-
point relay output becomes SPDT. Auxil-
iary recorder must have minimum input
impedance of 50,000 ohms. Recorder
output cannot be used with triac output
option on auxiliary (second) setpoint.
REMOTE SETPOINT OPTION - Toggle
witch located on the instrument front

panel may be set to "local" or "remote"
setpoint adjustment position. Remote set-
point potentiometer is wired to rear termi-
nals. Can be used only on single setpoint
units. Consult factory.

SCREWDRIVER ADJUSTABLE SET-
POINT - Reolaces push-to-set knob(s) onfront panel. Slotted potentiometer shaft iscovered with a protective screw-on cap.Can be used on single or dual setpoint
units. On dual setpor- units, it can be
utilized on primary. S liary or both set-
Points.

SLAVE SETPOINT -A second setpoint
designed to track the adjustable primary
setooint by a specified percent of spF-y
Internally adjustable from 0 to + 50 l
cent of span, it can be preset at the fac-
tory or adjusted in the field. The slaved
setpoint will not function beyond the span
extremes. The front panel mounted L.E.D.
indicates the slave output relay in ener-
gized condition. Available as an option for
single setpoint controller only.
SPECIAL DIALS -Available in special
ranges with your company's logo or a
special legend in single or multi color
SUPPRESSED RANGES - Ranges can
be suppressed up to 2 x span. Suppress-
ing ranges increase resolution, and de-
crease input span. Since accuracy is
rated as a percent of span, a decrease ih
span results in a decrease in accuracy
tolerances. Example: Two controllers are
set up to control a process at 150 DCV.
Controller #1 has an input span from
0-200 VDC. At ± 1 percent control point
accuracy, the tolerance becomes ±t2
volts. Controller #2 has an input span
(suppressed) from 100 VDC to 200 VDC.
At ± 1 percent control point accuracy,
the tolerance becomes ± 1 volt.
TIME PROPORTIONING OUTPUT -
When the process approaches the set-
point, the output automatically switches
on and off, providng the right proportion
of on time versus off time to keep the
process at the control point. Proportional
band is adjustable from 3 to 10 percent
of span (shipped set at 6 percent unless
otherwise specified) and cycle time ad-
justable from 2 to 20 seconds (shipped
set at 6 seconds unless otherwise speci-
fied). Can beused on single or dual set-
point units. On dual setpoint units, it can
be utilized on primary, auxiliary or both
set points.

TOGGLE SWITCH AND POTENTIOME-
TER SETPOINTS - Replaces oush-to-set
potentiometer. Toggle switch is switched
to "set" position for setpoint adjustment,
and read" position for monitoring proc-
ess. Potentiometer is screwdriver adjust-
able only, covered with a protective
screw-on cap; Consult factory.
TRIAC OUTPUT - A solid-state. zero
crossing triac option is available for use
in rapid switching situations. The zero

D-125

crossing feature allows it to switch only
when the A-C line cy.Je is passing
tirough zero. Switching at low voltages, it
prevents the generation of EMI. (For sin-
gle or dual setpoints.)
24 VAC POWER SUPPLY - Plug-in re-
placement for conventional power supply.
Operating range 22 to 26 volts at 50-60 Hz.
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.TIW Model 370 Indicating Controller is de-
siyned to accept 9C millivolt input spans
as. low as 8 DC MV from thermocouple
vles J, K, R, S and T. Upscale thermo-
couple break protgction and cold junction
coinpensation are, standard features.
OERATIONAL 6ESCRIPTION
The (DC MV) ioput.is conditioned, ampli-
fied and displayed *on the meter. A com-
parator (one foreach setpoint) compares
the amplified signal against a setpoint ref-
erence voltageswhi ch is internally gener-
ate upon adjusting the external setpoint
kndb to a givenosetpoint value.
When the ampfied input signal reaches
the ietpoint retrebce voltage, the con.
troller energize.s or de-energizes the relay.
The pature of the change in state of the
relay depends pon the relationship be-
tween the amplfied input signal and the
setpoint refereoce voltage.

~ ,--&

-I'

. .
SFC FCATI S
CA:IBRATIONACCURACY - 1% of
span for centrad 80% (at 250C)
DEAD BAND (Hysteresis) - 0.5% of
spah - :

CONTROL POINT ACCURACY -1%
of span b.
CONTROL FUNCTION - Single setpoint,
on-off control

OUTPUT - DPDT relay rated at 5 amps
120 VAC maximum resistive load
RELAY ACTION Relay energized above
seJpoint
OPERATING RANGE - 32 0F-140*F
(0C-60C)

28

METER RESPONSE TIME - 1 second
max

SUPPLY VOLTAGE - 120/208/240 VAC,
50160 Hz

POWER CONSUMPTION - 5 watts
nominal

TERMINATION - Barrier strips on rear
panel
PANEL CUTOUT - 3-5/8 in. x 3-5/8 in.
(92 mm x 92 mm). See page 41.
DEPTH BEHIND PANEL - 5-3/8 in. (137
mm)
EXTERNAL THERMOCOUPLE RESIS-
TANCE - 100 ohms max
CONSTRUCTION
Rugged model 45 pivot and jewel meter,
see page 18 for construction. 1/4 DIN
aluminum housing. Modular plug-in elec-
tronics.

STANDARD FEATURES & OPTIOIN'S
See pages 24 through 25 for description
of standard features and custom options.
APPLICATIONS INFORMATION
Food processing equipment
Heat treating ovens
Marking machinery
Wave soldering systems
Hot plates
Environmental chambers
Lab ovens
Kilns
Plastics processing
Refrigeration equipment
Heat sealing
TEMP....TU R R ANGES

Standard Thermocouple Standard Thermocouple
Range Type Range Type
0-300-F -"J." 0:-1 C0600*F -300'C

00 F 0000-1600*F "K" 0-1000C "K"0-2000FF "K" 0-1500*C "K"0-2500*F K

Non-standard ranges avaiiable. consult factory or authonzea Jewet cistributor.

D-126
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MODEL 368 DC RANGES MODEL 369 AC RANGES
MODEL 370 TEMPERATURE RANGES

SPECIFICATIONSCalibration +.1% of span for central Output: OPOT relay for each setointAccuracy: 80% (at 25 0C): AC ranges Relay Rating: 5 amps 120VAC for resistive±3% of span for central loads80% fat 250C and 50 or Operating Range: 32 0F to 140OF (00 to 60 0C)60 Hz)± Meter Response 1 second maximumDead Band: 0.5% of soan at 251C Time:
Coincidence ±0.75% of span at 250C Supply Voltage: 105/130. 180/225 orControl Function: Single or double setonts 210/260 volts. 50.60 Hz(on-off, or proportional band) Power 2 wats nom.Setpoint Single or double setpoints Consumption:Adjustability: are adlustable over full scale Termination: Bar-er stris on rear panelStandard The low relay is energized Panel Cutout: 3.38 stri1 so. inRelay Action: above setpoint: the high relay 92.4 : 0. 4 so. nrmis energized below setpoint Depth Behind 53 8in

(others optional) Panel: 136.5 mm

Control Disable Switch: OPTIONS
Switch disables the output relays. Switch and function light are mounted on instrument front panel.Latching with Manual Reset Switch:
(one or both relays) Upon relay activation, the relay remains activated regardless of pointerposition until reset switch is pushed. Switch is mounted on instrument front panel.Time Proportioning Output:
(single or double setpoints) When the process approaches the setpoint (he output switches onand off automatically, providing the right proportion of on time vs. off time to Keep 'he processat the control point. Proportional band is adlustable 3% to 10*6 (shipped set at 6', unless other-wise specified) dnd cycle time adlustable 2 to 20 seconds (shipped set at 6 seconos uniess other-wise specified).
Fixed Setpoint:
(single or double setpoint units) Control function is on-off or time prop. Setpoint is preset atthe desired level before shipment. This internal adlustment can be changed in the field whennecessary. Setpoint function light is mounted on front panel.
Slave Setpoint:
This second setpoint is adjustable from 0 to +50% of span. It is internally set at a specified dif-ferential before shipment and will then track the adlustable setpoint by tnis amount. IThecontrol function is on-off. Slave will not operate beyond scale extremes.) The function light forthis second selpoint is mounted on front panel.
Recorder Output:
The 0 to 1 VDC output is available at the rear terminals for connection to an auxiliary recorderwhich must have a minimum input impedance of 50.000 ohms. When supplied on a double set-point controller, the high relay output is SPOT.
Solid State Switch ITRIACI:
(single or double setpoint unitsl Replaces conventional OPOT relay with a zero starting singlepole normally open switch. Rating is 5 amps continuous up to 120 volts. Inrush capaoilisy 50amps. Leaksqe current Sma. Load and controller need not operate from the same power source.Suppressed Ranges:
Available uo to 2x span. For example. span is 75 with maximum suioression. dial would read150 to 225.
Offset Ranges:
Zero can be positioned anywhere on dial.
Blank Dial:
Available with 30, 40. 50, 60. 75. or 80 divisions or completely blank.Special Dial:
Consult factory or modification center.
Non Standard Relay Action:
Isinqile or double setpoint) Any combination of relay action above or below setpoint s available.Screw Driver Setpoint Adjust:
(smlle or dnoile %s'potint) Roolaces push-to-set knob on frniit ianel Slostet potontiometershalt is coverid with a protective screw-on cats Push-to-ser action is wirained
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FRONT PANEL CONFIGURATIONS

SINGLE SETPOINT CONTROLLER DOUBLE SETPOINT CONTROLLER

SEE
DETAIL 'A7

- L.E.D. (GREEN) FUNCTION LIGHT (LOWER SETPOINT)
- L.E.D. (RED)FUNCTION LIGHT (UPPER SETPOINT)
- CONTROL, SETPOINT, ADJUST (ELECT.)
- CONTROL, SETPOINT, SCREW DRIVER ADJUST (ELECT.)
- CONTROL ACTION DISABLE SWITCH
- L.E.D. (YELLOW) FUNCTION LIGHT (CONTROL DISABLE)
- UNLATCH SWITCH
- SETPOINT INDICATOR-GREEN (LOWER)
- SETPOINT INDICATOR-RED (UPPER)
- CHASSIS LOCKING DEVICE

*PART OF SLAVED UPPER SETPOINT OPTION AND
INTERNALLY FIXED UPPER SETPOINT OPTION

DETAIL A
SCREW DRIVER AOJU'ZT SET FOINT

4/24/87, Rev. 0
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Unpacking
Remove the controller from the shipping case and inspect for shipping damage.Should the controller be damaged, notify your carrier immediately. Do notdiscard the packing container until it has been examined by your agent.Mounting
Installation and removal of the controller is accomplished from the front of thepanel. Complete front mounting is possible by making electrical connectionbefore installing case.
The controller is mounted into a standard 1/4 DIN panel cutout. See Fig. below.Remove the controller from the case by disengaging the chassis locking device.With the four clamp arms all the way to the rear (CCW rotation of lockingscrews), insert the case into the cutout until the stop brackets contact the panel.Secure the case to the panel by a clockwise rotation of the four locking screws.Insert the controller into the case and secure with the chassis locking device,
while applying equal pressure to top and bottom of meter with thumb and fore-finger to insure uniform engagement of meter to case.

CAUTION
For increased accuracy when controller is mounted in a steel panel, remove the12.4 K ohm resistor located on the meter barrel. This increases the sensitivity ofthe meter by the amount that the steel panel decreases it, thereby restoringinitial accuracy.

DIMENSIONS

3.63t .016In.
2.40.4mm

.100MINZ

5.250 ______3.63 .016in.

r-- .4 O.4 mm

CUT SQUARE HOLE
TO THESE LINES

OuTINE OF COvER

4.250

1.6 .06-.42 (PANELTHICKNESS)
40 MM. 1.5 MM. -Z 11 MM.

137 MM.

SIDE VIEW
4 ) -

5.25'133.6 M M.

108.2M M

I-- FUNCTION LIGHT

2 SETPOINT CONTRoL (PUSH TO SET)
3 -LOCKING SCREW4 - REFERENcE SET POINTER KNOB

FRONT VIEW
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Wiring
Captive wire clamping plates allow connections without need for hook, ring or
other crimp terminals, but if desired, Thomas and Betts #RB2207 insulated
terminals or equivalent may be used.
It is recommended that thermocouple wires be connected directly to terminal
screws to assure accurate cold junction compensation.
CAUTION
Disconnect power before making wiring changes or connections.

CONTROLLER REAR PANEL WIRING

RELAY OUTPUT TRIAC OUTPUT RELAY OUTPUT WITH
RECORDER OPTION

NOTES
A. An ARC suppression network across inductive loads (such as contactor coils) will increase

relay contact life. A typical network would consist of a 0.1 mfd., 400 volt capacitor inseries with a 100 ohm resistor.
B. Thermocouple lead resistance of up to 100 ohms may be used on the Model 370.

DESCRIPTION
The Jewell Indicating Controller is a potentiometric setting device. The control
setpoint potentiometer is a push-to-engage type which will prevent an inadver-
tent change of the setpoint position.

When the control setpoint knob is depressed, the meter pointer will display the
location of the setpoint. The required setting is achieved by rotating the knob
while depressed until the meter pointer reaches the desired level. When the knob
is released, the meter pointer will display the input signal level. The location of
the setpoint can be verified at any time by simply depressing the setpoint knob,
taking care not to rotate the knob thereby changing the setpoint position.

For any given setpoint value, the input signal which has been amplified to drive
the meter is compared electrically to an internally generated reference voltage to
control one or both output relays. The LED function light mounted on the
instrument front panel will illuminate when the output relay is energized.

To provide a visual indication of the setpoint location at all times, the controller
is equipped with a setpoint indicator for each setpoint. Once the setpoint has
been electrically set, the appropriate indicator should be positioned directly over
the setpoint so that its position can be seen at a glance.
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MECHANICAL ZERO ADJUSTMENT
The meter zero adjust screw is located at the rear of the meter case. To makethis adjustment, disconnect power to the controller and remove controller fromcase.

NOTE: This adjustment should be made with the controller in its normal
vertical or horizontal operating position.

CONTROLLER CALIBRATION

1. Disconnect power to the controller.
2. Remove controller from case and reinstall utilizing extender board kit,P/N 875429-001.
3. Connect power and signal source to TB1.
4. Adjust signal source to proper value corresponding to a selected value equalto 20 to 25% of full scale.
5. Adjust R1, located on the right rear edge of the P.C. board, for correctindication on meter.
6. Adjust signal source to proper value corresponding to a selected value equalto 75 to 80% of full scale.
7. Adjust R25, located on the right rear edge of the P.C. board, for correctindication on meter.

NOTE: There is interaction between these adjustments; therefore, repeat
Steps 4 through 7 until 0.5% of reading is achieved.

8. Disconnect power and signal source.
9. Remove extender board from case. Insert controller into case and securewith chassis locking device.

OPERATING VOLTAGE CONVERSION

Note: The controller is equipped with the following power supply. Power supplyP/ N875576-001 can be wired for operation on 120, 208 or 240 VAC.

1. Disconnect power to the controller.
2. Remove controller from case.
3. Remove power supply assembly from printed circuit board by unfasteningholding screw and unplugging the assembly.
4. Connect jumper wire from fork terminal to appropriate hole location asshown in Figure a.
5. Reinstall power assembly into printed circuit board and secure withscrew.

6. Insert controller into case and secure with chassis locking device.
7. Apply power and check for proper operation.

136

4/24/87, Rev. 0
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LII
Figure (a) POWER SUPPLY, 120/208/240 VOLT

ADJUSTMENT OF SLAVE SETPOINT

1. Disconnect power to the controller.

2. Remove controller from case and reinstall utilizing extender board kit,
P/N 875429-001.

3. Connect power and signal source to TB1.

4. Adjust low setpoint to mid scale; adjust signal
source to desired slave setpoint level (above or
below first setpoint). - -

5. Adjust R9 located on slave PC board (Figure c.).
so that control action is effected.

6. Carefully readjust potentiometer until
opposite control action is effected. (The
setting of the slave setpoint is now a-
established.)

7. Disconnect power and signal source.
8. Remove extender board from case. Insert

controller in case and secure with chassis Figure (c
locking device.

ADJUSTMENT OF FIXED SETPOINTS
NOTE R11 low and R13 high setpoint potentiometers are located on the

underside of the printed circuit board directly behind the meter
assembly.

1. Disconnect power to the controller.

2. Remove controller from case and reinstall utilizing extender board kit,
P/N 875429-001.

3. Connect power and signal source to TB1.
4. Adjust signal source to required setpoint value, then adjust appropriate

potentiometer until control action is effected.
5. Carefully readjust signal input level until function light-changes state.

This action will establish the setting of the preselected setpoint.
6. Disconnect power and signai source.
7. Remove extender board from case. Insert controller into case and secure

12 -'-" ssis locking device.

nl-1 37
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ADJUSTMENT OF TIME PROPORTIONING CIRCUIT
I. Disconnect power to the controller.
2. Remove controller from case and reinstall utilizing extender board kit,P/N 875429-001.
3. Connect controller to the process, apply power and adjust the setpoint tothe desired level.
4. Bandwidth adjustment - the proportioning band can be adjusted from 3 to10% of full scale. The 3% setting represents a high closed loop gain; whereas,the 10% represents a low closed loop gain. For a process which tends to beoscillatory or unstable, it is usually best to use a lower gain or a wider pro-portional band. Adjust R6 Figure d. (a cw rotation decreases system"Gain").
5. Cycle time adjustment - the frequency of the porportioning signal can bevaried from 2 to'20 seconds per cycle. For a fast acting process, the cycletime should be adjusted down toward the 2 second limit; for a slow process,the cycle time should be set up toward the high end or near 20 seconds.Adjust R2 Figure d. (a cw rotation increases cycle time).
6. Coincidence adjustment - Adjust R9 to increase or decrease system operatingpoint (coincidence). This adjustment is factory set for 33% on, 67% off, atoperating point. This point is system dependent and proper adjustment willassure that the operating point is the same as adjusted setpoint value.

i 0

Figue ( dl

F FH

TROUBLESHOOTING GUIDE
The first steps in troubleshooting are:

1. Remove controller from case and detach rear panel assembly. Plug rearpanel assembly directly into mother board.
2. Assure that the appropriate power and signal are applied to TB1.
3. Verify that the power supply is not defective by checking output voltages

as listed below.
+F:VDC P21 +24 VDC P26
-1 VDC P23 GND P22

4. Verify that relays are tight in sockets.
5. Verify that J27, J28 and J29 are attached as applicable. (Wires from metercase to mother board.)

4/24/87, Rev. 0
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3.638 ± .016 in.
92.4 ±0.4 mm

CUT SQUARE HOLE TO THESE LINES

N1Z
/

/
I

CONTROLLER
MOUNTING
TEMPLATE
(Actual Size)

/
/

\11
-'-I-,.

S.-

- --

1-1/

S

-'±0-

'-S

S

-I

'-S

L- I ___I -

2OUTLINE OF COVER
DOTTED LINES CORRESPOND TO 4-1/2"
METER RELAY MOUNTING LOCATIONS

U 2

5.260

3.638 ±.016 in.
92.4 ± 0.4 mm

.100 MIN

4.260

C)~

rn

r\3

C

I

I



TVT-a

4- & Al I

AY.

xajoz:;uoZ) a macdum

ET2 ;U..

0 ' Am 'L8Ik 3)-

.A-'. 4
- ,-.,AA-

*;ti*. -

3A-90LL



Main Features
* Compact 48 x 48mm to

DIN 43700
*

*

Low cost

Panel mounting or plug-in
base mounting

" Proportional + derivative
(PD) or on/off control
action

" LED relay state indication

" Rugged glass filled nylon
case

Specification
Reference Conditions
Ambient temperature
Supply voltage
Relative hun-idity
Source resistance
Measuring
Minimum span
Maximum span
Scale length
Maximum T/C resistance
Input impedance
Common mode
Series mode
Settling time
Sensor break
Cold junction
Control
Set point calibration accuracy
Proportional band
Proportioning time
Derivative time (Rate)
On/Off differential
Output
Relay

Electrical
Power supply

Power Consumption
General

1706-KE 4/

47 01-

22 0C±20C, 71.5 0F±3.50F
230V±1%orll5V±1%
50±10% R.H.
<ion

lomV
50mV
90mm
loon
>200Kn
Negligible effect up to 250V 50/60 Hz
30db rejection at 50/60Hz
30 mins
Automatic protection
Automatic compensation

±2% of full scale
5%
15 or 30 seconds nominal
30 seconds
0.4%

SPDT rated 5A resistive at 240V
A.C., 106 operations

193- 255V, 50/60Hz
or97 - 127V, 50/60Hz
<2VA

Ambient temperature working 0-50'C,32-1220F
Ambient temperature storage -10 to +70'C, 14 - 158OF
Weight 0.2kg approx.
Variance from reference conditions
Temperature influence on
accuracy e 5pV/*C,2.8suV/*F
Voltage influence on accuracy <0.25% (within supply tolerance)
Source resistance influence on
accuracy Negligible

24/87, Rev.

~2

ii

-1



Ordering Information 1706-KE 4/24/87, Rev.

Model number RANGE ANDIs builtp ELF NUMBER CO PROPORTIONING THERMOCOUPLE MAINS
as follows: - .TIME . TYPE VOLTAGE

Control Code

On/Off 100B
PD 103B

Scale Ranges Colibrotion to BS4937 NBS 125. fEC 584

Iron/Constantan Chromel/Alumel

0 -200 0C 0 -250 0C
0 -4000C 0 -4000 C
0 -600 0C 0 -6000 C
0 -400"F 0 -1000"C
0 -800*F 0 - 1200*C

0 -1200*F 0 -1600*F
0 -2500*F

Mounn & Wiring .

Panel MountIng - ~ Ease Mounting'

C 48 26 111 125 - - -

A. -4

FB z- V

- - *-22

8 _- 4b

45 B
Panel Cutout Dimensions in mi imetres -

Terminal Configuration. - .- TeninaI Configuration
A Line. - 5 .-'.,1 Relay closed contact 6 Relay common
B Neutral . 6 (relay coil de energlsed) 7 -Thermocouple -
1 Relay common 7 Thermocoupfe + 2 Neutra -- F Ther -iocouple +
2 Relay closed conitact 8 Thermocouple *3 .-9 .

3 Relay open c ontact - 10 Line
4 --- 5 11 Relay open contact

-( relay coil de-energised)
WIRING ,;,POWER SUPPLY-

Local codes of practlce regarding electrcal The Instrument is suitable for a power supply of
installation should be rigidly obserived, partcularly jbetwe2e193V arid 255V or between 97V and
regarding the provisiSn of IsolatorThe access 127V 50/60Hz. ..
doors of the enclosure in which the instrument Is t Is recommenided that thepower supply toeach
fitted sruuld be provided with intedocks such that nt Inlu des a 1-amp fuse and a double pole-
the electrical supply to the enclosure Is disconected .stch
when the doors are operieod. -.

\C. .... . D- 4 3 -~ -p~ 7-~ ".I'.

Basic
Number

Panel mounting case complete with C10
mounting brackets
11 pin base mounting case complete Cii
with base

Proportioning Time Code -

15 seconds 15
30 seconds 30
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1 706-KE
FEDERAL HORNS & 13EL

FEDERAL FEDERAL
VIBRATONE HORNS VIBRATONE BELLS

Are excellent for code signals, general
alarms, or time indications. Size, appear-
ance, volume odjustment, and installation
options make these horns ideal. Modular
design adapts one unit to any application.

Available in standard AC or DC from 6
to 250, 25 or 60 hertz. Models 350 and
450 ore the basic units, suitable for
mounting on panels, in cabinets or in 4"
square Outler boxes.

Model 350 produces 100 dB at 10 feet and
Model 450 produces 97 d6 at 10 feet.

350 350SF

0~ 0

350NB 350CC

- I

350WB

PR PR2
Single Projector Double Projector

Descriptior

Basic AC Horn
Basic DC Horn
4" Interior Type

Knockout Box
Gasketed-Cast

Weatherproof Box
Semi-Flush Wall Plate
Concealed Conduit

Adapter Plate
Grille For Flush

Mounting
Wollbox For Flush

Mounting
Deep Box For

Flush Mounting
Projector Only
Double Projector

Each

S59.16
94. 50

4.56

17.50
7.00

7.00

6.30

24.16

27.66
12.96
29.40

Modular design of our bells makes use ofone basic mechanism with option of 4, 6or 10" gongs for a wide variety of mount-
ings. Mounts on standard outlet boxes.
Heavy duty but low current consumptionavailable for AC or DC, single stroke aswell as standard vibrating type. Decibelratings or 10 feet are: 4" bell 98 dB, 6"
bell, 100 dB, 10" bell, 102 dB. Chimesare available for AC or CD on same volt-aces as bells. Decibel rating at 10 feet is75 dB.

Basic Mechanism
#500 or 700 for AC
600 or 800 for DC

NB0

SF

00.

cco

0 .C

- C

WB FBL

Standard AC Voltages:
6-12-24-120-240

Standard DC Voltages:
6-12-48-125-250

No.

500
600
700
800
A4
A6
AIO
SF
CC
FG
FG6
NB
WB
FBL
FB6
PR
PR2
G6
G10

558 
A..D-

Descript

AC Vibratory

DC Vibroory
AC Single Strol
DC Single Stro
4" Gong Assem6 Gong Assert
10" Gong Asse
Semi-Flush M.

Concealed Con
Flush Grille -Flush Grille -
4" Interior K.O

4 WeatherprooFlush Box - 4'
Flush Box - 6
Projector - 4"
Dbl. Proj. - 4"
Gong Guard - 6
Gong Guard - I

Sec. 7

53
55
55X

2 4 t o 2 4 09 4 1 .1 6ion Each

$65.46 FEDERAL
871 6 MOTOR-DRIYEN HORN

ke 65.46e 65.46 ,- The advantoges of mo-
bly 16.10 -or driven horns are
bly 37.10 primarily that they have
mbly 56.70 a powerful tone, sec-

7.00 ' nd only to that of
luit 7.00 resonating horns. The

4" Bells 6.30 one is harsh and varies

S Bells 27. - slightly in frequency asBox 4.56 the motor starts and
f Box 17.50 stops. They serve bestBells 27.66 as general alarm signals when a distinc.

Bells 47.56 tive tone is needed to contrast with other
Bells 12.96 horns in an existing system used for on-
Bells 29.40 other purpose. Weatherproof and water-right.
"Bells 46.560" Bells 55.66 No. Volts Each
- B20 120-240V AC/DC S496.30

144

24 to 240
24 to 240
24 to 240

c

S289.46
322.70

No.

350
450
NB

WB

SF
CC

FG

jL

PR
PR2

4/24/87, Rev. 0
LS Sec. 7

FEDERAL
RESONATING ELECTRIC HORNS

Loud Trumpet Tone Blast

.r

Model 53. Interior type horns, non-weather-
proof, have plug-in fearure to simplify
mounting. The back plate artaches to anystandard knockout box ied the horn in turn
attaches to the back plare with three nuts.The coiled prolector, staidcrd on thismodel provides greater clearance in con-
gested mounting locations. The interiormodels are finished in red.

Model 55. Weatherproof and also watertightand dustright when artached to conduit.Weatherproof models are recommended aspreterable, even for interior use -a reducemaintenance as they seal out corrosivedusts and vapors, so often present in indus-trial environments. F inished in gray hammer-tone enamel. The swivel bracket and straightprotectors are standard construction.

Model 55X. Explosion-proof models spec-ially constructed for use in hazardous loca-tions. Meets all specificarions of the Under-writers' Laboratories Por use in Class IGroups C and ) ond Class 11, Groups E,F and G locations.
No. Voltane E L
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SINGLE DOOR NEMA TYPE 12 ENCLOSURES FOR
ALLEN-BRADLEY DISCONNECTS

(FOR BULLETIN 1494F AND BULLETIN 1494D DEVICES.ONLY)

$3

Copyright 1979 by Hofman Engineering cmd-o ny
- . ' ~ D-15 *';*'7 5

APPLICATION - Hoffman Single Door NEMA Type 12 Enclo-
sures for Allen-Bradley Disconnects are designed to house
Allen-Bradley Bulletin 1494F flange mounted disconnect
switches and Bulletin 1494D flange mounted operators for cir-
cuit breakers. (See Bulletins A-25 and A-25.1 for single door
enclosures which receive Allen-Bradley Bulletin 1494V discon-
nect devices.) They have the same oil-tight and dust-tight fea-
tures found in standard Hoffman NEMA 12's.
CONSTRUCTION - These enclosures are made from 14
gauge steel and have a strong and rigid construction. All seams
are continuously welded. A rolled lip is provided around all
sides of the enclosure opening; this increases strength and
keeps dirt and liquids from dropping into the enclosure when
the door is opened. The neoprene door gasket is attached with
oil-resistant adhesive, and is also held in place with steel retain-
ing strips. The door can be removed by pulling the hinge pin.
Each enclosure has a removable print pocket. Only two small
weldpins show on the inside of the door if the print pocket is
removed. Body stiffeners and door stiffeners are provided in
large enclosures for extra rigidity. External feet are furnished
for mounting. Collar studs are provided for mounting the
optional panels. PANELS MUST BE ORDERED SEPARATELY.
The enclosures are furnished with the necessary holes in the
body and door for mounting the disconnect switch, operating
mechanism, and door hardware. Guide brackets and a door
catch are welded to the inside of the door, and locking bars are
provided. Spacers and screws are provided to secure the dis-
connect switch and fuse block adapter plate to the panel.
Instructions for installing disconnect switches and operating
mechanisms are furnished with each enclosure. THE DISCON-
NECT SWITCH AND OPERATING MECHANISM ARE NOT
FURNISHED WITH THE ENCLOSURE.
Enclosures with an "A" dimension under 40 inches require 2-
point door hardware (one Allen-Bradley Catalog No. 1494F-
L1). Enclosures with an "A" dimension of 40 inches or more
require 3-point door hardware (one Allen-Bradley Catalog No.
1494F-L2 and one Catalog No. 1494F-L3 for 8 inch and 10 inch
deeo enclosures; one Catalog No. 1494F-L4 for 10%. inch deep
enc:-,ures). DOOR HARDWARE IS NOT FURNISHED WITH
THE ENCLOSURE.

I- if

'I

4/24/87, Rev. 0
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,
1t.

ACCESSORIES -
PANELS - Panels must be ordered separately, as they are
not furnished with the enclosures. Panels are 12 gauge
steel.
FLOOR STAND KITS - Floor stand kits in 6-inch, 12-inch,
18-inch. and 24-inch heights are available for factory or
field installation on these enclosures. See the following
page for details.
MISC. ACCESSORIES - Other accessories include oil-
tight hole seals, touch-up paint, gasketed hubs, louver
plate kits, window kits, and panel support kits. See Bulletin
A-80 for details.

FINISH - The standard finish is white enamel inside and gray
prime outside over phosphatized surfaces. Panels are white
enamel.
FACTORY INSTALLATION OF DISCONNECTS - For those
customers who prefer not to install the disconnect themselves,
Hoffman can furnish and install disconnect switches and oper-
ating mechanismsfuse block adapterplate kits, and doorhard-
ware; or Hoffman can install customer-furnished components.
See price sheet for installation charges forcustomer furnished
components. Consult the factory for installation charges for
Hoffman-furnished components. Specify (1) catalog number
of Hoffman enclosure. (2 catalog numberof Allen-Bradley dis-
connect switch, (3) arnf' ge rating, voltage. ar class (H orJ)
of fuse clip, if s.,litch is fu.Jie.
MODIFICATIONS - Hoffman cansupplyholes, hubs, louvers,
cutouts. special finishes, special materials, special enclosure
sizes and many other modifications. Consultthe factory forpri-
ces. Be sure to specify (1) enclosure dimensions. (2) catalog
number of Allen-Bradley disconnect switch, (3) amperage rat-
ing, voltage, and class (H orJ) of fuseclip, if switch is fusible. (4)
other enclosure construction details. Advise if components (1)
will be installed by the customer, (2) will be furnished by the
customer for factory installation. (3) will be furnished and
installed by Hoffman.

INDUSTRY STANDARDS - These enclosures conform to the
National Electrical Manufacturers Association (NEMA) stan-
dard for Type 12 (industrial-use) enclosures. They also con-
form to Joint Industrial Council (JIC) standard EGP-1-1967.
Many of these enclosures are listed by Underwriters' Labora-
tories, Inc. as indicated in the table on the following page.



BULLETIN A-22 NEMA TYPE 12 ENCLOSURES
FOR ALLEN-BRADLEY DISCONNECTS

SINGLE DOOR ENCLOSURES

The enclosures listed in this bulletin will receive the discon-
nects listed below. Wire space will be equal to or greater than
the wire space recommended by the disconnect manufacturer.
If you require greater wire space or have a special situation,
check the dimensions carefully to assure that you have the
clearances you desire.
The 8 inch deep enclosures will receive the following
disconnects:

a. 30A and 60A Bulletin 1494F flange mounted disconnect
switches.

b. Bulletin 14940 flange mounted operators for ITE (E, EF,
and EH) circuit breakerswith amperage ratings from 15A
to 70A.

c. Bulletin 14940 flange mounted operators for Westing-
house EB, EHB. and FB circuit breakers with amperage
ratings from 15A to 70A.

The 10inch deep enclosureswill receiveallof theabovediscon-
nects, plus the following:

a. 100A Bulletin 1494F flange mounted disconnect
switches.

.b. Bulletin 1494D flange mounted operators for ITE (E, EF.
and EH) circuit breakers with amperage ratings from 90A
to 100A, and for ITE FJ circuit breakers.

c. Bulletin 1494D flange mounted operators for Westing-
house EB and EHB circuit breakers with amperage rat-
ings from 90A to 100A, FB circuit breakers with
amperage ratings from 90A to 150A, and for Westing-
house JA, KA, LB, LBB, HLB circuit breakers.

The 10%h inch deep enclosures will receive ONLY the 200A Bul-
letin 1494F flange mounted disconnect switches.

Enclosures to receive other Allen-Bradley disconnects can be
made on special order. Consult the factory for prices.

See Bulletins A-25 and A-25.1 for enclosures which receive
Allen-Bradley Bulletin 1494V disconnect devices.

STANDARD SIZES

Enclosure "Panel
Catalog Enclosure Size Catalog Panel
Number A x B x C Number Size

oA-2OAB2108LP 20 x21's x B A-20P20 17 x 17
0

0

A-24AB2108LP 24 x 21". x 8 A-24P20 21 x 17
A-24AB2508LP 24 x 25'. x 8 A-24P24 21 x 21
A-30AB2108LP 30 x 21'. x 8 A-30P20 27 x 17

* A-30AB2508LP 30 x 25's x 8 A-30P24 27 x 21
* A-36AB2508LP 36 x 25'. x 8 A-36P24 33 x 21

A-36AB3108LP 36 x 31'. x 8 A-36P30 33 x 27
A-42AB3108LP 42 x 31'. x 8 A-42P30 39 x 27
A-42AB3708LP 42 x 37'. x 8 A-42P36 39 x 33
A-48AB3708LP 48 x 37'. x 8 A-48P36 45 x 33
A-60AB3708LP 60 x 37s x 8 A-60P36 57 x 33

" A-24AB2110LP 24 x 21 3. x 10 A-24P20 21 x 17
" A-24AB251OLP 24 x 25', x 10 A-24P24 21 x 21
" A-30AB211OLP 30 x 21 ' x 10 A-30P20 27 x 17
* A-30AB2510LP 30 x 25'. x 10 A-30P24 27 x 21
* A-36AB2510LP 36 x 25', x 10 A-36P24 33 x 21

A-36AB.3110LP 36 x 31'. x 10 A-36P30 33 x 27
A-42AB311OLP 42 x 311. x 10 A-42P30 39 x 27
A-42AB3710LP £42 x 37 It x 10 A-42P36 39 x 33
A-48AB3710LP 48 x 37'. x 10 A-48P36 45 x 33
A-60AB371OLP 60 x 37'. x 10 A-60P36 57 x 33
A-48AB37200LP 48 x 37 , x 10 . A-48P36 45 x 33
A-60AB37200LP 60 x 37 % x 10,. A-60P36 57 x 33

*Panels must be ordered separately.
eU.L. LISTED

When ordering flange mounted disconnects from Allen-Bradley, be sure to order the necessary items. When using a Bulletin 1494Fflange mounted disconnect switch, order (1) a disconnect switch, (2) a fuse block adapter (if required), (3) line and load connectors (ifrequired), and (4) a door hardware kit (2-point or 3-point as explained on the preceding page). When using a Bulletin 1494D flangemounted operator for a circuit breaker, order (1) a circuit breaker (ITE or Westinghouse), (2) a flange mounted operatormechanism,(3) a slide mechanism, (4) a door hardware kit (2-point or 3-point as explained on the preceding page).
This information is subject to change; please contact Hoffman or Allen-Bradley if there are questions.

SINGLE DOOR FLOOR STAND KITS

A.- m I

-,*? ..

0

Any single door wall-mounted enclosure can be converted to a
floor-mounted unit by 'le addition of a "oorstandkit.Thefloor
stand kit can be quic.. installed in th. eld or at the factory.

Floor Stand Kit
Catalog Number Description

A-FK0608 6" high floor stand for 8"
deep enclosures

A-FK1208 12" high floor stand for 8"
deep enclosures

A-FK1808 18" high floor stand for 8"
deep enclosures

A-F K2408 24" high floor stand for 8"
deep enclosures

A-FK0610 6" high floor stand for 10"
or I0M." deep enclosures

A-FK1210 12" high floor stand for 10" or
10'-" deep enclosures

A-FK1810 18" high floor stand for 10" or
10%" deep enclosures

A-FK2410 24" high floor stand for 10" or
D-146 10%" deep enclosures

I 706-KE 4/24/87, Rev. 0



NEMA TYPE 12 ENCLOSURES
FOR ALLEN-BRADLEY DISCONNECTS
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NOTE:
1. Large print pocket furnished if A-30 or more and B-20 or more.
2. Panels have flanges along sides which are more than 17 inches long.
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NOTE: The drawings below do not apply to Catalog Numbers A-48AS3720OLP or A-60AB3720OLP.Please consult factory for dimensions of these two models.
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1706-KE 4/24/87, Rev. 0

BULLETIN A-22 ALNMADEYE1 ENCLOSURES)

FOR DISCONNECTS

SPACE OCCUPIED BY ALLEN-BRADLEY DISCONNECTS
IN SINGLE DOOR ENCLOSURES

ALLEN-BRADLEY 1494F DISCONNECT SWITCHES
Switch Amp

Rating Fuse Clip Class F
30A No Fuse ... 430A 30A - 250V H
30A SCA - 250V H Y430A 30A-600V H 630A 60A - 600V H 96
30A 30A -_600V J 6
30A 60A - 600V 63, 6
60A No Fuse . . 4'9 660A 30A - 600V H 10', 660A 60A - 250V H 82, 660A 100A - 250V H 10s 660A EA - 600V H 10, 660A 100A-600V H 1209 6
60A 60A - 600V J _2 6
60A 100A.-600V J ---

*100A No Fuse .. 42., 6
*100A 100A-250v H , 6%
*10OA 200A - 250V H 126
*100A 100A - 600V H 13'o

I 0-A i0A- 00v H 1 7!??A 100A.60 0.6
100A 200A - 600V 10 7
200A No Fuse - - .

*200A 200A-250V H5.*2200A 400A -250v 16 10.*-*200A 200A - 600V H 17% 10'.*--20OA 400A .600V H 17 1*200A 200A -600V 19% 12
**200A 400A -600V 15 10

ALLEN-BRADLEY 1494D CIRCUIT BREAKERS
Frame Breaker Frame Max. AmpRating Type Size Rating F G100A ITE E, EF, EH 70 6%A 5",
100A WESTINGHOUSE E 'C EH, FB 04100A WESTIN HOUSE - 67.225A ITE FJ f2 5 9 _'225A WESTINGHOUSE JA, KA 225 9/ 5

*400A WESTINGHOUSE LB, LBB, HLB 400 9V 5/NOTE:
'These switches can be installed in 10 inch deep enclosures only.

*The G dimension does not include space for auxiliary switches. See A-8 instructions for additional space required.*These switches can be installed in 10% inch deep enclosures only.

2 NOTE: E - 3"/, when C - 8
// // E E - 16i. when C - 10

E - 81A. when C - 10%

T-HLE _ K - 2"s when C = 8
K - 2". when C - 10
K - 3 when C - 10:

F

H13 SPACEr Is occuP ED/
By DiscoI,.EcT SwIlTC'
ACL FUS( cuP d)
oR cIRCUIT BRCAKC

G K

C(54 ngs 1979 by Hoffman Engineering Comoany . D-148
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200-LINE FULL VOLTAGE NON-REVERSING -5 D-5H,
MAGNETIC MOTOR STARTERS - D-5K, D-5L
1600 Hp Max. NEMA Sizes 00-9 600 Volts Max. 60 Hertz

PRICING INFORMATION-Three-pole Forms, Three-leg Protection, 60 Hertz
List price includes a holding interlock. Three heaters should GO-10G. Select heaters by using tables on pages 493-496.

be specified and ordered as a separate item at $6.00 each,

Max. Horsepower@ NEMA Type I NEMA Type 4 NEMA Type 4X NEMA Type 121)Enclosed Starter General Purpose Watertight Oust-tigt Watertight, Oust-tight Dust-tight. OnptightNEMA Continuous Colt (Stainless Iteel) Corrosion-resistant industrial UseSize Amp Motor Horse- Voltage Catalog Ust Catalog Ust Catalog I Ust Catalog Ust, 09 Voltage ower (60 H) Number Price, Number Price, Number Price. Number PriceCR206 GO-10G CR206 GO-10G CR206 GO-10G CR206 GO-tGG
Separate Control-15 Volts I A102

200-208 1/ 200/208 A12344-81 2 2 4608 A12300 9 220-240 11/2 230 A103 $116 Use NEMA Size 0 - Use NEMA Size 0
550-600 2 575 A105

Separate Control-8S Volts T 8102 8402 E402SAA B202200-208 3 200/208 8123 8423 8423SAA 82230 18 220-240 3@ 230 B103j 144 8403 $284 B403SAA $306 8203 5192440-480 5 I460 I8104 B404 8404SAA 8204
550-600 5 575 B105 8405 . 8405SAA 8205Separate Control-I15 Volts C102 C402' C402SAA C202-200-208 7% 1 200/208 C123 - C423 C423SAA C2231 27 220-240 : /2 230 C103 164 C403 308 C403SAA 330 C203 212440-480 1 10 I460 C104 C404 C404SAA C204550-600 10 575 C105 C405 _ C405SAA C205Separate Control-115 Volts D 102 0402 0402SAA D202
R020-208 10 200/208 0123 0423 0423SAA 02232 45 220 5 230 0103 324 0403 612 D403SAA 660 0203 412440-480 I 25 460 D01.04 0404 D404SAA 0204550-600 25 575 0105 D405 D405SAA 0205
Separate Control-115 V0lts E E4 2 -

200-208
220-240
440-480
550-600

25

50
50

200/208
230
460
57

Separate Control-115 Volts
200-208 40 F200/208
220_240 50 1 230
440-480 100 7460
550-0 100 I 575

Separate Control-i1i5 Volts
200-208 75 200/208

270 220-240 100 230
440-480 200 470

_____j550-600 j 200 575

ontrol
Circuit

I Voltage®D
Separate Control-115 Volts

200-208 150 200/208
220-240 200 I 230
440-480 400 460
550-600 400 575

E123
E103

E104
E1 05

F123

F103
F104
F105

G123

G103
G104
G1 05

Catalog
Number
CR286

540

1220

2878

E423
E403

E404
EE205

F402
F423
P403.

F404

G102 G4;2
G423
G403

G404
CG20

948

1916

3758

Refer to nearest GE
sales office

Refer to nearest GE
sales office

Refer to nearest GE
sales office

E223
E203
E204

F203

F204

G202

G223
G203
G204

644

1564

3758

Catalog
Number

H _ _ I_ _ _ _ _

1AA1A
H123AA1A
HI03AA1A
H104AA1A
H1 O5AA1A

$8110

H202AA1A
H223AA1A
H203AA1A
H204AAI A

$9190

Separate Control-115 VOt A -

810

1215

220-240 300 230
440-480 600 460
550-600 600 575

Separate Control-1 15 Volts
220-240 450 230
440-480 900 460
550-600 900 b75

_,parate Control-t 15 Volts
220-240 1 800 230
440-480 1600 460
550-600 160 575

J103 A A1 A
J104AAIA
J105AA1A

10778

J2UZAA1A

J 2O3A1A
J204AAIA

K102~AA1A~ -

K 3AA1A
. )4AAIA
K105AA1A

L102AAA
L103AA1A
L104AAIA

14970
K02AA1A

K203AAlA
K204AAlA
K20AA0

23322

L202AAlA

L2O3AA1_A
1LA1A- L205AAlA

Enc:osed starters.
b Motor fulMoad current should not exceed continuous ampere rating of enclosed starter.

Reter to cd sane, page 105. and to orseng drections. page 12. for NEMA Sizes 00-5 starters wInt other cod raungs. For NEMA Sizes 6-9 starters with other control-crcuit voltages, refer tonearest GE sales offce or local lranr,sed distributor.
S External reset rot included on standard listed forms.
'$ Units are individually boxed and -Poly-Packed" six per carton as standard.
I Sze 6 and 7 forms shown are wall-mounted type. They are also available in floor-mounted type; for complete information contact your nearest GE sales office or local franchsed cistroutor.Si Flocr-rrounted typ.

REFERENCES:
See page 13

14
D-149

Pntes and data subiect to chage -71A;t r' 0Ce

3
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5
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540

C:D 2250
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Z - 16050

24402
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VARIABLE DEPTH FLANGE OPERATED DISCONNECT SWITCHES BULLETIN

1494V

Variable Depth Flange
Operafed Disconnect Switch
(Auxiliary Contacts Shown

But are not
Standard Equipment)

- Fuse Clip Kit

Trailer Fuse Black Ki -

X. ZE5CTTICJ -- Bulletin 1494V variable depth flange op-
erated visible blade disconnect switches and circuit breakers
with Allen-Bradley operating mechanisms meet industrial re-
quirements for dependable manually operated disconnecting
means. Disconnect switch load terminations are designed to
accept lugs, for non-fused installations, or fuse clips. Trailer
fuse blocks and clips are available for most fuse types and
sizes. Operating handles and disconnecting means are adapt-
able to NEMA Type 1, 3R, 3 or Type 12 enclosures with right
or left hand flange construction. When used in conjunction
with door hardware kits, the complete assembly meets the
requirements of most industry specifications.

-

-j

DISCONNECT SWITCHES - These are heavy duty horse-
power rated devices.

Mar. Horsepower Rating
NEMA 3 Phase AC I Single DC Catalog Price

Size 115 200- 230 460 57!1 ih Number

2084( ~15T230 115-230
30 3 T/ 7Y 1 1 20 2 3 3 5 1494V-.S30 546
60 1711 15 115 30 50 3 10 5 10 1494V-DS60 50

100 - 1 25 1 30 |60 75 -- -- - 20 11494V-DSIOGF 70 ]

OPERAT1)JG HAHIJO - The operating handle listed below
is for use with all Bulletin I 494V disconnect switches and circuit
breaker mechanisms.
Catalog Number 1494V-H1...............List Price...$15.00

- ~

A~ ~

-J

Flange Mounted
Operating Handle

I- .

Cat. No.
-494V.RAI
Connecting

-Cat. No.
1494V RA2

-- ConnectingF
Rod

D-150

Discount Schedule A November, 1977 275

CONINECTflIG .ODS - The connecting rods listed below are
for use with the operating handle. Specify the rod based on
depth of enclosure. 'Enclosure depth is measured from the top
of the flange to the disconnecting means mounting surface.

Enclosure Depth Catalog Number Price
Minimum Maximum

6% Inches 9%/s Inches 1494V-RAI 55.00
91 Inches 215 Inches 1494V-RA2 7.00

TMAI.R FIUSE 31G XITS - The trailer fuse block kits listed
below, when combined with a properly sized disconnect switch
and fuse clip kit (Class H and J fuses), provide a complete
functional assembly. (For Class H and J fuses, select the proper
fuse clips from the fuse clip chart.) For Class R fuse applica-
tions, non-removable rejection type clips are mounted on the
trailer fuse block at the factory. Three additional clips are
included for mounting on the disconnect switch.

. Class H & J Class R
Disconnect 

FueizSize Fuse Size Catalog No. Price Catalog No. Price

30A 1-30 1494V-FS30 S4 30 j - 1494V-FSR233 59
31-60 1494V-FS63 4 - 30 1494V.FSR633 13

60A 31-60 1494V-FS60 4 60 I - 1494V-FSR266 13
61-100 1494V-FS16 11 - 60 1494V-FSR666 17
61-100 1494V-FS10 1 00 11 00 1494V-FSR6I1 38

L 101-200. 1494V-FS21 26 100 ___ __94 -__ R___ 3

FUSE ('1? KITS Includes six clips and mounting hardware.

Fuse Fuse Clip Rating (Amps)
Class 250 Volts 600 Volts

H 30 - 14014141 52
H, J 60 30 1401N42 6
H, J - 60 1401-N43 10
H, J 100 100 14014144 21

H, J 200 200 1401-N5 38

PRESSURE TYPE CON NECTOIS - All terminals of the 30 amp
disconnect switch come with wiring clamps for l4 through #8
wire. The following copper alloy pressure lugs are recom-
mended for use on the 60 and 100 amp switches. All lugs fit
on the line and load terminals of the disconnects, as well as
on the terminals of the trailer fuse blocks.
60 amp lugs for #14 through #4 wire........

Cat. No. 1494R-N1 (Set of 3) ................. $2.00
100 amp lugs for #8 through #1 /0 wire........

Cat. No. 1494R-N2 (Set of 3) ................. $5.00

SC.NECT Si/ITCH KITS - Refer to Page 276.

ORDERING IFORrAT1 N The required devices for a
complete installation are an operating handle, a connecting
rod, a disconnecting device (either a disconnect switch or a
circuit breaker with an operating mechanism), a trailer fuse
block kit and a fuse clip kit (for installations requiring fusing),
and a door hardware kit (for NEMA Type 12 applications).
These items may be ordered separately or in kit form. Other
accessories shown on Page 276 are also available and should
be specified when required. -

lk
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U T VARIABLE DEPTH FLANGE OPERATED DISCONNECT SWITCNES

DiSCONNECT SWITCA KITS - Non-fusible kits include a
disconnect switch, operating handle and Catalog Number
1494V-RA1 connecting rod. Fusible kits also include a trailer
fuse block and fuse clips. Door hardware for NEMA Type 12
enclosures must be ordered separately.

Class H & J Dimension
Disconnect Type Fue 250 Volts 600 Volts

Catalog No. Price Catalog No. Price
Non-Fusible - - - 1494V-DN30 566

Fusible 1-30A 1494V-DH233 S72 1494V-DH633 76
Non-Fusible - - - 1494V-DN60 70

GOA Fusible 31-60A 1494V-DH266 80 1494V-DH666 84

10CA Non-Fusible - - - 1494V-DN100 90
100A Fusible 61-IOOA 1494V-DH611 122 1494V-DH611 122

Kits with Class R fuse clips are also available. To order, substi-
tute the letter "R" for the letter "H" in the listed catalog num-
ber. List price addition is $3 for 30A and 60A kits, and $6
for 100A kits.

CIRCUIT BREAKER O?ERATmiG haECHAN45:A5 - The bail
and drive mechanisms listed below must be combined with a
connecting rod, operating handle and circuit breaker (not
included) to obtain a functional device.

Circuit Breaker Bail Mechanism Drive Mechanism
M~ake Frame Cat. No. Price Cat. No. Price
ITE E. EF, EH 1494V-MIO 56 1494V-Ml 510.00

DOOR HARDWARE - The door hardware kits listed below
are designed to function with all Bulletin 1494V disconnect
switches and circuit breaker mechanisms. The kits are designed
for use in small (up to 1 inch), intermediote (40 to 60 inch)
or large (over 60 inch) EMA Type 12 enclosures. They pro-
vide ir encic..ure sealing and guard against unauthorized entry.

Selection Recommendation - Use Catalog Number 1494V-L1
or LLI for small enclosures, Catalog Number 1494V-L2 with
1494V-Ll or LLI for intermediate enclosures, and use Catalog
Number 1494V-13 or LL3 for large enclosures.

Latching Handle Catalog Number Prc
Arrangement Length Right Hand Left HandPrIce

Top & Side 4Y' 1494V-LI 1494V-LL1 532
Bottom Only - 1494V-L2 1494V-L2 7

Top. Bottom & Side 6 ' 1494V-L3 1494V-LL3 41

276 -. .

MISCELLANEOUS ACCESSORIES

Alternate Mounting Kits - For use where the flcnge material
thickness is greater than /4".
Alternate Mounting Kits. .. . Cat. No. 1494V-H3 ..... $2.00

Channel Support Kits - For use to prevent flexing of the
operating handle mounting surface. This is especially useful
when the operating handle is mounted on a channel in a
multi-door enclosure.
Channel Support Kit..........Cat. No. 1494V-H4.....$6.00

Multiple Door Interlock Kits - Designed to be used with the
Catalog Numbers 1494V-L3 and 1494V-LL3 hardware kits.
They provide interlocking between the master door cnd aux-
iliary doors of the same enclosure. Specify one master door
kit and as many auxiliary door kits, (up to 9) as necessary.
Connecting bars must be supplied by the user.
Master Interlock Kit........Cat. No. 1494F-N20.......$35.00
Auxiliary Interlock Kit.......Cat. No. 1494F-N21.......$40.00

Auxiliary Contacts - Disconnect switches and circuit breaker
mechanisms are designed to accept up to 2 N.O. or N.C.
auxiliary contacts. Circuit breaker mechanisms also require the
use of an auxiliary contact adapter kit.

Description Catalog Number Price

N.0. Auxiliary Contact for Disconnect Switch 595-A S12.00
N.C. Auxiliary Contact for -Discarnect Switch 595-8 12.00
Auxiliary Contact Adaptir Kit for Circuit .0

Breaker Mechanism 149s-Ni 8.00
N.0. Auxiliary Contact for Circuit Breaker 1495-4,8 12.00
N.C. Auxiliary Contact for Circuit Breaker 1495 -N9 12.00

Energy Limiter Adapter Plate Kit - For use with ITE 1 OOA
frame size circuit breakers.
Catalog No. 1494V-H1O............................$8.00

B

Catalog Number 1494V-LI
and 1494V-L2

Catalog Number
1494V.L3

Disccunt S m A

Bai And Drive Mechanism
(Circuit Breaker is shown

but not furnished)

(

(

Q

7

-

-
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BUSS-

QUALITY
Fuse

.i<BTSS

BUSS One-Time fuses are available in standar
N.E.C. sizes throuh 600 amperes for 250 vo

- -- - - and 600 volt applications. Special sizes are avai
-- - able above 600 amperes up to 1000 ampere

- however, their dimensions are not standard.

Operating Characteristics
One-Time fuses I ampere through 6al amper

Underwriters' Laboratories Inc. Listed
Listed by 0 Canadian Standards Association

For voltages up to 250V ac or dc For voltages up to 600 V ac or dc

Lbs.
Symbol & Crron r
Amperes Quan. 100

NOS 1
NOS 3
NOS 6

10 3.8 NOS10
NOS 15
NOS 20
NOS 25
NOS 30

NOS 35
NOS 40

10 10 NOS 45
NOS 50
NOS 60

NOS 70
5 32 NOS80

NOS 90
NOS 100

NOS 110
NOS 125

1 79 NOS 150
NOS 175
NOS 200

NOS 225
NOS 250

1 165 NOS 300
NOS 350
NOS 400

.NOS 450
1 276 NOS 500

NOS 600

10 14.5

10 26

5 56

1 124

1 303

1 463

d
[t

I-

S;

are Underwriters' Laboratories tested to safely
interrupt 10,Mco amperes of short-circuit current.
BUSS One-Time fuses will carry 110% load when
tested in the open or 100% when tested in an
enclosure. They will, like all other fuses listed by
Underwriters' Laboratories, Inc., open at 135%
load within one hour (on 0 to 60 ampere sizes)
or two hours (on larger sizes) when tested in the
open. This would be found equivalent to opening
at 125% load when in an enclosure.

Application
These fuses are usually applied to protect light-

ing, heating and other non-transient circuits
where available short-circuit currents are rela-
tively low. One-Time fuses do not have any
appreciable degree of time-delay; thus, should not
be specified in circuits where large transient con-
ditions could be experienced. If surges or motor
starting currents make heavier fuses necessary,
use time-delay FUSETRON dual-element fuses.
(Ask for Bulletin FIS.)

DIMENSIONS
250 Volt

Anpere,

NON0 to 30
NON35 1o60
NON 70 to IN0
NON 110 to 2C0
NON 225 to 400
NON 450 to t00

NOSO to 30
NOS 35 to b0
NOS70 to 100
NOS 110to 200
NOS 225 to 400
NOS 450 to 600

Ltnah

3*
57 ,
7 ! -

103%

5'?

.774'
9%'

13%'

D.

Tub,
I.;

2
2!

600 Volt

-4
3'"
1%'

2 %'"

D,3
0sm~

IIrr. -

1-

4, 2, 21-4,

31'r
lS'

, ' I-'

! ' 2' 2 1.4

FOR DETAILED IACtAAATInN - ASK

n-1 3;,

FOR BUSS BULLETIN NCS

-15-

Lbs.
Symbol & Caron
Amperes Quan. 100

NON1
NON 3
NON 6
NON 10
NON 15
NON 20
NON25
NON 30

NON 35
NON 40
NON 45
NON 50
NON 60

NON 70
NON 80
NON 90
NON 100

NON110
NON 125
NON 150
NON 175
NON 200

NON 225
NON 250
NON 300
NON 350
NON 400

NON 450
NON 500
NON 600
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Quick Select Table on Page 3
* General Purpose Phenolic Base

250 VOLT
1 POLE

FERRULE ONLY

250 VOLT
2 & 3 POLE

FERRULE ONLY

* U.L. Listed

250 VOLT/600 VOLT
1 POLE

FERR ULE OR
KNIFE BLADE

* Copper Tin Plate Clips

250 VOLT/600 VOLT 250 VOLT/600 VOLT
2 & 3 POLE 1 POLE

FERRULE OR KNIFE BLADE ONLY
KNIFE BLADE

A A -A

AFB -D--- FBC F B+-C-t IF B ~: I

A -- a

+L

~% E E 
_ _M

G 
E

G G - -A

FIG. 1 FIG. 2 FIG. 3 FIG. 4 FIG. 5

250 VOLT
FUSE

BLOCX POLES
1 BOOO1 1
180002 2
180003 3
180004 1
18B0005 2
180006 3
180007 1
1B0008 2
180009 3
180010 1
180011 2
180012 3
180013 1
180014 2
180015 3
180016 1
180017 2
180018 3
180019 1
1B0021 3
180023 1

600 VOLT
1B0024 1
1B0025 2
180026 3
180027 1
180028 2
180029 3
1B0030 1
180031 2
180032 3
180033 1
180034 2
180C.: 3
18002 1
180040 2
1B0041 3
180042 1
18B0043 1
180048 3

FUSE AMP
RATING

Yio-30

Ma-30
Ma-30
Mo-30
a-30

Ya0-30
31-60
31-60
31-60
31-60
31-60
31-60
61-100
61-100
61-100
101-200
10 1-200
201-400

's-30
Yo-30
Xo-30
1a-30
Vio-30

'Ao-30Yio-30
Mo-30
Mo-30
31-60
31-60
31-60

61-100
61-100
61-100

10 1-200
20 1-400
101-200

A B C

1 /32 3 %
2 Ya 3 1
_3% 3 2%
1 /32 3 %
2%2 3 1 X
3% 3 2%
132 3 %
23z 3 1 X

3% 3 2Y
'a 4% '
3 4% Y 2

434 4% 'A0e% 4 Y 'AY

3 4% 

13%2 8 %
3% 8 %
5%2 8 %
3 8 2

7 2 9%Y4. !/
3% 11'Y 2%

o E F

%

- 1%
% 'A

- 1% -
- 1% -

- 1% -2
- 1%
- 2% 1

- 2% 1%
-3 2%Y 1 Y2% 2% 1%

- 2% 1%
1% 2% 1%
2%/ 2% 1%
- 2% 2%

1Va 2% 2%
3% 2% 2%
- 29, 3
5 2% 3%

- 2%i 3%

1'%. 6% - 2% 3%
3% 63Y % 1Ya, 2% 3%
5'X a 6% % 3% 2% 3%
1%Y6 6% % - 2% 3 /,
3% 6% % 19, 2% 3%
5 X a 6'/A % 3% 2% 3%
1%A, 6% % - 2% 3%
3% 6% %4 134. 2% 3%
5Y2 6% % 3% 2% 3%
1% 6% % - 2% 3%
3% 6% % 1% 2% 3%
5%e 6% % 3 a 2% 3%
2'A2 10 !, - 2% 4 %
4%2 10 Ya 1'%, 2% 4%
5232 10 Ya 3% 2% 4%

3 102 2 - 2As 3
3%Y 14%Y 21/ - 21Y,6 3%
7%Y 12X6 Y', 5 234, 6

%4

Y.
y 6

%,

4

%4

3/4

Y4

3%

Y.

3/

Y.

3/
l a

'A6
'A6
'A6
%

%

%
%
%

3
3,4

3
3
3
3
3
3
3
'A.
'A6
'A6

L

L

L

7/32

32

423
732

/32

V32

32

3/32
'432

'42
V32
V32

32

%2

%2

%2

%2

9 2
%2

%32

%Y2

32

%2

% 10AWG

% 10AWG
% 10AWG
% 12AWG
% 1OAWG
% 12AWG
y 2AWG
% 2AWG
% 2AWG

'Y 2AWG
1%2 2AWG'3/32 2AWG
9/32 2AWG
% 2AWG
'32 2AWG
Y2 1/0
Y2 1/0
Y2 1/0
%. 250MCM
% 250MCM

Vi, 350MCM

Y2

7/2

7

'A
Y/2

Y2
Y2
'A
Y2
Y2
Y2
'2
Y2

'A.

Screw
Screw
Screw

5ems Press
Sems Press
Sems Press

Box
Box
Box
Box
Box
Box

Screw
Screw
Screw

Box
Box
Box
Box
Box
Box

1OAWG Screw
1OAWG Screw
1OAWG Screw
1OAWG Sems Press
1OAWG Sems Press
1OAWG Sems Press
2AWG Box
2AWG Box
2AWG Box
2AWG Box
2AWG Box
2AWG Box
1AWG Box
1AWG Box
1AWG Box

250MCM Box
350MCM Box
250MCM Box

Class H and K Dimension Fuse Blocks
Dimensions of "1B" Series

GHOLE CORE MAX.G DIAM. DIAM. WIRE CONNECTION BARRIER FIG

SU
s9sn

Yes

Yes
Yes
Yes
Yes
Yes
Yes
YesYes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No

, .
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Round and Rectangular Panel Meters

SIZZ CHART
Model A I C

25.SS 3. 2J 32' 1.31'
27. 47. S7 3.7' 2.7S' .36
29: 59 4.20' 2.7S- 1.00'
77 Itr V5.78 211 -F
79 420' 2.75' t r
142 3.94- 3.M5' 1.00,

-

All DC meters have the
Simpson self shielded move- z
ment and are self containedZ i - for ranges up to and includ.
ing 50 amperes. Hgherrange OC amme ters (5 MV

c listed are calibrated for 5 ft.
leads and reouire external
shunts. Accuracy *2. of Model 27
full scale.

3"' Case 4b" Case

Res. Model Model
Range ohms 25 27 Each 29 Each
0-5 . 55F0390-15 ....... 41.10 55F251 44.70
0-25 1000 .----... S5F038 .......
0-30 ohms 55F1112 ....... 55F145
0-50 per 55F1515 55F043 55F183
0-100 volts 62F3253 ....... . 4110 SSF252 40.050-150 ........ 55F045 55F170
0-250 55F1OIS ....... 41.10 .. ......
0.300 ...... ....... ..... 55F184 4.70
0.3000t1 2000.1..... ....... ....... 55F255 59.70

Onm/v.. ..--- -- I-.. .......... .......
(t) External multipliers model 183 lurnished with meter.

DC MICROAMMETERS Self-Shielding Meter Movement

0-50 1800 55F1031 ....... 48.75 . . .. .
0-50 1800 ........ 55F071 48.75 55F176 52.35
0-100 1800 ........ ... 55F072 44.70 55F177 49,65

DC AMMETERS Self-Shielding Meter Movement

0-2 .025 ........ ......... 55F2590-3 .0166 55F1057 ....... 39.90 55F260 43.20
0.5 .010.......... ........ 5SF210
0.10 .005 ......... 55F064 55F2110-25 .0020 55F1060 ....... .. 39.90 55F261 43.200-30 .0017 ........ 55F4328
0-50 . .001 ....... ...... SF212
0-200, 10.0 62F326. ....... 39.90 ... 43.20
0-300* 10.0 ......... 62F327i
0-500' 10.0 ...... 2F3
50-50 .0075F1062 .... 41.85 .
() Require external shunt.

Stock Hz
No. Rating Mod.

57F2463 55-60-65 2163
5F5180 47.5-50-52.5 2163
55F5181 57.5-60-42.5 2163

SIZE O4ART
M.d.l A _ C
108 ET 2.69 2.20 2.30
55 ET 3.50 2.75 2.55
57 ET 3.12 2.75 2.60

1357 ET 3.25 I2.75 2.37_
2153 ET 3.00 12.69 1 1.34

o(5

Model 25 Model 29

AC VOLTMETER Iron Vane Type Movement

Approx.
Imp. 3h Case 4 4h Case

Ohms d Mode
Range 60 Hz 55 57 Each 59 Each
0.10 133 55F1067 ......... 37.95
0-50 33.333 55F1069 ... .... 37.95

0.150 25.000 55F1071 SSFI11 40.35 55F181 " 100.250 41.166 ........ 55F273 40.35 62F3296 44.10
0-300 50.000 55F1072 62F3291 40.35 55F191 43.20
0-500T 83.333 ................ ..... 55F1S2 54.45
0-1000t 166.666........55F275 59.25....... 60.90

(t) External multipliers model 183 lurnisned with meter.

AC AMMETERS Iron Van, Type Meter Movement

0-3 .028 ........ ........ ... T 55F194 38.250-5 .008 55F1088........ 38.15 55F195 35.25
0.10 .004 55F1089 559134 3.15 55F196 3825
0.15 .0025 55F1119 55F156 3.15 55F282 38.25
0.25 .002 55F1090 55F135 37.65 55F197 39.900.50 .001 55F1091 55F136 37.65 S5F219 39 90
0-100- .008 55F1121 ........ 36.15 5SF234 38.25
(') Requie external transformer.

WATTMETERS Dynamometer Type Single Phase
Accuracy i2% I

Model 79

Maximum 
Sloca

Range NIlts Amps No. Each

0-75 150 1.0 55F232
0-150 150 2.0 55F233 97.80
0-300 150 4 0 55F234
0-750 150 10.0 SF3
0-1500 300 10.0 SSF236 103.95
0-3000 300 20.0 55F1140

FREQUENCY METERS - RESONANT TYPE Frequency: 50. 60, or 400 Hz.
nom. No. of reeds: 11 general -

Hzpurpose. 21 high resolution.
Case No. I eHeen Type Accuracy *0.3% of mid-

Size Style Reed Reeds No. Each scale. Temp. Coeff. -0.017%
3%' Century 11 1 03496 -86.70 perC max. 0oerating volt-
3i5' Century 11 . 03490 8670 age 100-150VAC. Uses tuned
3fz Century 11 .5 03491 80'25 steel reeds to indicate AC

frequency.
2%/' and 3/' AC ELAPSED TIME METERS

55 ET 57 ET 1357 ET 53 ET

Widely used by research laboratories. manufac-
turingo.lants. and broadcast stations. 120or240V
AC oeration. Synchronous accuracy. Model 55
ET; Standard round styling. Model 57 ET; Stand-

120 VAC Models (± 10%) 60 Hz
Maximum Model
Indication Power Model I (Type) Stock E
(Hours) Req. Acc. Size j No. No. Each

99.999.9' 5 W synch. 3'h - 55 ET 55F4359 47 55
99.999.9 5W synch. 3i5 I 1357 ET 55F436C 4755
99.999.9 5 W synch. - 31h' 57 ET 55F4361 4755
99.9.9 5 W synch 3' 2153 ET 55F2473 4755

ard rectangular styling. Model 108 ET: Inter-
changeable round and square front mounting
bezels. Model 1357 ET: Wide-Vue styling. Model
2153 ET: Century Series styling.

240 VAC Models (± 10%) 60 Hz
maximum T Model1 1
Indication Power Model (Type) Stock E
(Hours) Req. Acc. Size N No. N o r Each

99.9999 5 W synch. 31h 55 ET 55F4363 4785
99.999 9 5 W synch. 31h 57 ET 55F4364 47 85
99.9999 5 W synch. 31' 1357 ET 55F4365 4785
99.9999 SW synch 31h' 2153 ET 55F2475 47.65

NEWARK 773

... ~ ~ . .5.

~t
.. ~ ' -~U-ls*: 54
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NEMA Reference:
Receptacle: L8-30R

Plug: '8-30P
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PLUGS, RECEPTACLES AND CONNEC-1

BODIES

FLANGED INLETS, FLANGED RECEPTAC
AND "SEAL-TITE" ' PROTECTION

6-321
TAP 7

2.687 3281

3.21

.703

No. 2640

No 2641
a

, -

No. z643

CATALOG
NO.

DESCRIPTION CORD
DIA.

2640 Receptacle,
Melamine, black

2641 Plug, nylon .385-.780
Insulgrip

ASK-2 Shrouding kit for
2641, 2643 com-
bination

2641-F Plug, heat stabilized .385-.780
nylon, U.L. tem-
perature Index
220OF con-
tinuous use

2641-CY Plug, Insulgrip, high .385-.780
visibility yellow
nylon

26CM41 Plug, yellow nylon, .385-.780
corrosion
resistant

2643-CY Plug, Insulgrip, high .385-.780
visibility yellow
nylon

2643 Connector body, .385-.780
nylon Insulgrip

2643-F Connector body, .385-.780
heat stabilized
nylon, U.L. tem-
perature index
220OF con-
tinuous use

26CM43 Connector body, .385-.780
yellow nylon.
corrosion
resistant

- 00

W-_ R
No. 2646

04- -

No. 2645

No 6032

No. 6031

CATALOG
NO.

DESCRIPTION

2646 Flanged Receptacle. nylon
casing

2646-F Flanged receptacle, heat stabilize

nylon, U.L. temperature Inoi
220'F continuous use

2645 Flan( .J Inlet, nylon casing

2645-F Flanged Inlet, heat stabilized nv
U.L. temperature Index 220
continuous use

2645-WP Flanged inlet, nylon casing
mounted on a gray Poly-
carbonate weatherproof
lift cover plate.

2899 Closure cover for 2645 male

6032 "Seal-Tite", black neoprene tr:.
seal cover for No. 2643 wh 
used in a cord set

n600M32 Yellow neoprene "Seal-Tite" I,
seal cover for 2643

6031 "Seal-Tite" black neoprene tri
seal cover for No.264 1 wr i
used in a cord set and 26a
connector when used with
Flanged Inlets

M60CM31 Yellow neoprene "Seal-Tite"
seal cover for 2641

PLATES
(SEE PLATE SECTION FOR WEATHERPROOF PLATES

3391 Plate, .040 brass, single gan
3392 Plate, stainless steel, single j i
3393 Plate, cast aluminum, with lif

cover, fits F.S. and F.D. bo
3394 Plate, cast aluminum, withoi.

cover, fits F.S. and F.D. bc.
3395 Plate, 4' square pressed ste. 'c

universdl box No. 52151
7424 Plate, gray Polycarbonate, we ie

proof, with lift cover
m 74CM24 Plate, yellow Polycarbonate,

corrosion resistant lift coi r

SPECIFICATION NOTES
Plugs and connectors have black and white nylon housing
Casings are comptety insulated impact resistant nylon

0 For complete corrosion resistant specifications see sec an

A For complete product details see page 8.50.

hubbefll
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F HF SSF basic information

-.

TUBES
On F and
hi h .

STURDY BRACKET
Made of heavy gauge steel
. . . adjustable for instal-
lation in various positions.

SMOwTH FL-6W
BONNET
Distributes fluid to tubes
with minimum turbu-
lence. One, two or four

HF, tu
V emperatureinto tube sheets.

and F-1000 series
are rolled into tube
by electronic contr

table through 360 de- pass interchangeability.
s.

- -

FULL
GASK
Asbe

.FULL-FLOW bond
OPENINGS maxi

ZINC ANODE Adequately sized for and It
minimum pressure

All F and HF heat exchangers are drop. Flexible connec-
furnished with zinc anodes. These tions are recommend-
protect the tube metal through sacri- ed when vibration isficial corrosion. The protective value present.
of the zinc decreases in time due to
metal loss. It is recommended they
be inspected on a regular basis and
be replaced when required.

4/87, Rev. 0

BAFFLES
Segmented baffles avail-

END HUB able in five spacin;s for
End hub is high quality forg- maximum heat transfer
ing and/or casting. Full-flow with minimum fluid pres-

bes are opening is designed for mini- sure drop.
bonded mum pressure drop.

On SSF
tubes . .

sheets Fig.7

FINISH
Single coat of grey,
semi-gloss enamne: pair.,
suitable for c.:door
duty in non-critical aP-
plications, anc as a
base for subse-uent
coats for severe duty
or extenced life.

FACE SHELL AND TUBE BUNDLE ASSEMSLY
ET Baffles precision stamped to close Iclerances. Clear-
stos-neoprene ances between baffles and tubes. ba!!les and sneil are
ed gasket for minimum-to obtain maximum heat transfer. Availab e
num pressure in various size comoinations to suit heat transfer
emperature. requirements.

TABLE 1

MODEL IDENTIFICATION
SHELL SHELL BAFFLE TUBE

TYPE CODE DIAMETER LENGTH SPACING DIAMETER PASS CODE OPTION CODE
CODE CODE CODE CODE

F= fixed tube bundle with 2=2.13 in 01= 9 in H=1.13 in Y=0.250 in 00 1P=one pass CN=90-10 copper nicxel150 psi 1040 kPa shell 3=3.63 in 02=18 in D=2.25 in R=0.375 in OD 2P=two pass tube
HF=fixed tube bundle with 5=5.13 in 032 !n E=4.50 in C=0.625 in OD 4P=four pass CNT=90-10 copper nickel

250 psi 1725 kPa shell 04=36 in tube and tube sheeti6=6.13 in 05=45 in A=9.00 in B=brass bonnetSSF ixed tube bundle with 8=8.38 in 06=54 in T=15 in CNB=90-10 copper nicke!300 psi 2070 kPa shell 
'eand stainless steel 10=10.75 in 08=72 in (approx.) tube and brass bonnet

materials 10=90 in CNTB=90- 10copper nickel
tube, tube sheet and

I__ I__I__IIbrass bonnet

-S.

NOTE A: F TYPE CODE not available in 2 and 8 SHELL DIAMETER
CODE.

NOTE B: HF TYPE CODE not available in 10 SHELL DIAMETER
CODE.

NOTE C: HF-2 TYPE CODE. SHELL DIAMETER CODE not available
in 2P or 4P PASS CODE.

NOTE D: SSF-3-R TYPE CODE, SHELL DIAMETER CODE and TUBE
DIAMETER CODE not available in 4P P\SS COr-

NOTE E: CN OPTION CODE available with 10 SHELL DIAMETER
CODE only, all others are CNT OPTION CODE.

TABLE 2
METRIC CONVERSIONS

VARIABLE PREFERRED ALTERNATE CONVERSION
SI UNIT ABBREVIATION UNIT ABBREVIATIONIMULTIPLIER"

length metre m milimetre mm 0.001
mass kilogram kg gram g 0.001
time second s hour' hr 0.0002777
h eat energy joule n calore' cal 4.187
force newton N kilogram-force' kgf 9.81
power wit' W joule/second ./s 1.0
pressure newu/metres N/m kilonascal kPa 1000
volume flow rate cut.- metre/ MI/s litter 1 0.001

second
volume flow rate :ubic centimetre/ cm'/s litle' I 1000

second -
- acceleration metre/second2 m/s2 - -

*does not conform to SI metric standard
-to convert to preferred, multiply alternate by CONVERSION MULTIPLIER

NOTE F: MODEL EXAMPLE-

F-604-AR-4P-CNT

I T Eg-10 copper nickel tube
fixed tube ndle and tube sheet optior
b.13 in. shell diameter four pass

36 in. nominal shell leng'h 0.375 in. tube
9.00 in. ba!!ie spaing

EXPLANATION OF METRIC NO1ENCLATURE
This catalog is dual dimensioned with the primary units bein; U. S.
customary (bold face type) and the secondary dimensions :e-ng SI
metric as defined in ASTM Designation: E380. StricT conformance to
the SI metric standard produces some unfamiliar units in tle ta:les
and charts. Particular note should be made of the s5 metric units cf
CAPACITY FACTOR (J/s-C = W/C) and SHIPPING wNEIGHT IN). In
the former case. the Joule (J) is the preferred unit of heat energy
instead of the calorie and the preterred unit of weight or force is tie
Newton instead of the kilogram-force. Mass is related to force by tie
formula: force (N) = mass (g) x acceleration (9.8 m/s'l. For re'erence.
a tabulation of the metric units used in this catalog is orovidec as well
as selected conversions to other metric units some of which do not
Conform to the SI standard.

T- ;

Rota
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;A3LE 3 TECHNICAL SPECIFICATIONS
MECHANICAL DESIGN DATA PHYSICAL DATA

I SHELL SHL* TUBE OUTSIDE TUBE
TYPE CODE DIAMETER F HLUID SURFACE It m

2  SHIPPINGRATINGS Ind FLU___ 1__0___

F HF SSF LENGTH VOLUME VOLUME TUBE DIA. CODE WEIGHT
I F S CODE gal I gal I Y I lbs N

Maximum operating Shell 150 1040 250 1725 300 2070
pressure psi kPa Tube 150 1040 150 1040 150 1040 201 0.10 0.38 0.10 0.38 1.52 0.14 - - 7 31
Test Shell 250 1725 500 3450 500 3450 202 0.15 0.57 0.15 0.57 3.04 0.28 - - 10 44
pressure psi kPa Tube 250 1725 300 2070 300 2070
Maximum operating Shell 350 177 350 177 400 204 301 0.20 0.76 0.15 0.57 3.74 0.33 2.66 0.24 17 75
temperature F C Tube 350 177 350 177 400 204 302 0.50 1.9 0.30 1.1 7.47 0.69 5.31 0.48 25 110

MATERIAL DATA 303 0.70 2.6 0.40 1.5 11.1 1.03 7.97 0.73 30 130
SHELL TYPE CODE 502 1.0 3.8 0.50 1.9 18.1 1.68 11.2 1.04 40 180
CODE F HF SSF 503 1.5 5.7 0.75 2.8 27.1 2.52 16.8 1.56 50 220

2 and 8 - brass 504 2.0 7.6 1.0 3.8 36.1 3.35 22.4 2.08 60 270
Shell 3. 5 and 6 brass steel

10. - steel - 602 1.2 4.5 0.90 3.4 26.9 2.50 17.5 1.63 55 240

2. 3. 5. 6 and 81 brass 316 603 1.9 7.2 1.3 4.9 40.2 3.73 26.2 2.43 70 310
Baffle 10 steel stainless 604 2.5 9.5 1.6 6.1 53.6 4.98 34.9 3.24 90 400

All admiralty (Cu-Ni if steel 606 3.7 14 2.4 9.1 80.8 7.51 52.7 4.90 130 580Tube A OPTION CODE includes CN) 608 5.0 19 3.1 12 108 10.0 70.2 6.52 170 750
Tube sheet All brass (Cu-Ni if
________ . OPTION CODE includes CNT 802 2.4 9.1 1.8 6.8 - - 34.1 3.17 155 690

cast iron (cast brass if 316 803 3.6 14 2.4 9.1 - - 50.6 4.70 180 800Bonnet All OPTION CODE includes B) stainless 804 4.7 18 3.1 12 - - 67.1 6.23 205 910steel
Hub All brass forging casting 805 5.8 22 3.7 14 - - 83.6 7.77 230 1000
Pipe Shell All brass 316 806 6.9 26 4.4 17 - - 100 9.29 265 1200
Plug B8onne Asteel (brass it stainless 808 9.1 34 5.6 21 - - 133 12.4 325 1400Mlung Brket. All OPTION CODE includes 8) steel 1 1 4 6 2.

Mounting Brkt. All steel steel 80 1 42 6.9 26. 166 15.4 1405190

NOTE G: The differential between the shell fluid average temperature and tube
fluid average temperature should not exceed 200F 93C for models through 06

HELL LENGTH CODE and 150F 70C for longer models. For temperature differ-
aces exceeding these limits, heat exchangers snould be furnished with expan-

.. on joinls. To eliminate high pressure surges a pressure relief valve. accu-
mulator or other suitable device should be used with a hydraulic system.
NOTE H: One pass heat exchangers should be used for steam service. Pres-
sures to 75 psig 520 kPa (maximum) and temperatures to 350F 177C (maximum)
may be used. Steam should be admitted through the tube side, with the ex-
changer mounted vertically to permit condensate to drain. A trap of proper type
and size should be used. Horizontal installation can be accomplished it the
heat exchanger is pitched at least 0.5 in/it 4 cm/m of tube length.

.\1- 4
CORRECTION TO CAPACITY FACTOR REQUIRED

SHELL Tsi (temoerature of shell liquid at Inlet) F C
LIQUID TYPE 120 49 1 150 66 200 93 1 250 121

SAE 5 oil 1.09 1.03 0.93 0.85
SAE 10 oil 1.19 1.10 1.00 0.92
SAE 20 oil 1.28 1.19 1.06 0.96
SAE 30 oil 1.32 1.27 1.09 0.99
SAE 40 oil 1.37 1.28 1.14 1.02
polyglycol 0.78 0.77 0.72 0.69
phosphate ester 0.67 0.65 0.62 0.60
water 0.59 0.58 0.57 0.57
50% ethylene 0.65 0.64 0.62 0.60

glycol in water I I I

74.0 6.87

89.0 8.27
119 11.1
149 13.8

.U --]

OIL VISCOSITY
CENTIPOISES = CENTISTOKES X SPECIFIC GRAVITY

For SI Conversion: 1 kg/m-s = 1000 Centipoises

IVISCOSITY @100 F 37.8 C VISCOSITY@ 210 F 95.9 C
SUS I Centistokesi Cutipoise SUS CentistakeslCentipoise

SAE 5
SAE 10
SAE 20
SAE 30
SAE 40
polyglyco
phosphate

ester

110
160
270
500
750
210
250

24
35
60
110
170
45
56

22
32
55

100
155
47
66

41
44
50
63
76
52
43

4.5
5.5
7.5
11

14.5
7.7
5.1

4.0
5.0
7.0
10
13
7.8
5.8

LMTD (Logarithmic Mean Timperat- re Difference) F or C
Tsi-Tto Tso-Tti For C

F or C 5 7 10 1 151 20 25 301 40 1 50 60 _ 100 120
r ___ __ 8

5
7

10
15
20
25
30
35
40
45
50
60
70
80

100
120

5.0
6.0
7.2
9.1
11
12
14
15
17
18
20
22
25
27
32
36

6.0 7.2
7.0 8.4
8.4 10
10 12
12 14
14 16
16 18
17 20
19 22
20 23
22 25
25 28
27 31
30 34
35 39
40 44

9.1
10
12
15
17
20
22
24
26
27
29
32
36
39
45
51

11
12
14
17
20
22
25
27
29
31
33
36
40
43
50
56

12
14
16
20
22
25
27
30
32
34
36
40
44
47
54
61

14
16
18
22
25
27
30
32
35
37
39
43
47
51
58
65

17
19
22
26
29
32
35
37
40
42
45
49
54
58
66
73

20
22
25
29
33
36
39
42
45
47
50
55
60
64
72
80

22
25
28
32
36
40
43
46
49
52
55
60
65
70
78
87

27
30
34
39
43
47
51
54
58
61
64
70
75
80
90
99

32
35
39
45
50
54
58
62
66
69
72
78
84
90

100
110

36
40
44
51
56
61
65
69
73
77
80
87
93
99

110
120

LIQUID CONSTANT;
LIQUID TYPE -;,':QU":::"S N

Btu/gal-F; J/I-C J
SAE 5 oil 3.5 1800
SAE 10 oil 3.5 1800
SAE 20 oil 3.5 1800
SAE 30 oil 3.5 1800
SAE 40 oil 3.5 1800
polyglycol 7.2 3600
phosphate ester 3.9 2000
water 8.3 4200
50% ethylene glycol 7.3 3700

in water

,

1005
1006
1008
1010

11

13

1is

22

42

49
68
83

7.1

8.5
11
14

27

32
42

53

130 12.1
157 14.6

210 19.5
263 24.4

670
720

820
920

3000
3200
3600
4100
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1.

- SELECT!Oi
(for cooling liquids with water as coolant in tubes)

Specify:
Ft = cooling water flow in tubes, gpm I/s
Til = temperature of cooling water at inlet. F C
Operating pressure of liquid in shell, psi kPa
and specify 3 of the following 4 variables:
o = heat load. Btu/min J/s

(1 hp = 42.4 Btu/min; 1 kW = 1000 J/s)
Fs = liquid flow in shell, gpm I/s
Tsi = temperature of shell liquid at inlet, F C
Tso = temperature of shell liquid at outlet, F C

8a

2. Derive the unspecified variable value using the LIQUID
CONSTANT from TABLE 6 in the following equation:
Q = Fs x (Tsi-Tso) x LIQUID CONSTANT

3. Calculate temperature of cooling water at outlet, Tto, from
the following formula:

Tto = T11 + a
8.3 4200x Ft

4. Determine LMTD (logarithmic mean temperature differ-
ence). F or C from the temperature relationships Tsi - Tto
and Tso - Tti using TABLE 5.

5. Calculate uncorrected CAPACITY FACTOR REQUIRED:uncorrected CAPACITY FACTOR REQUIRED = a
LMTD

6. Determine CAPACITY FACTOR REQUIRED for SHELLLIQUID TYPE and Tsi by multiplying uncorrected CAPA-
CITY FACTOR REQUIRED by CORRECTION from TABLE 4.

7. Select heat exchanger BASE MODEL from TABLE 9. Start-
ing at the top, select a BASE MODEL with an adequate
CAPACITY FACTOR at Fs with the desired tube diameter.

8. Calculate pressure loss of shell liquid. PIs, using Fs; RATED
FLOW and RATED PRESSURE LOSS from TABLE 9; and
CORRECTION TO PRESSURE LOSS from TABLE 7 usingthe following formula;

Pis S 2 RATED CORRECTION TO
s RATED FLOW, PRESSURE LOSS PRESSURE LOSS

If PIs is excessive, select a BASE MODEL with wider
BAFFLE SPACING CODE or larger SHELL DIAMETER
CODE and repeat steps 7 and 8.

9. Select PASS CODE from TABLE 8 based on MINIMUM
FLOW and MAXIMUM FLOW. If Ft exceeds MAXIMUM
FLOW for PASS CODE 1P, select BASE MODEL with larger
SHELL DIAMETER CODE.

10. Calculate pressure loss of tube liquid. Pit, using FI; MAX-
IMUM FLOW, PRESSURE LOSS AT MAXIMUM for 01
SHELL LENGTH CODE from TABLE 8; and SHELL LENGTH
CODE in the BASE MODEL from the formula:

Pit = _PRESSURE LOSS AT MAXIMUM L -LLH

AX IMUM -OO~ ~0R 01 SHELL LENGTH CODE -LENGTH

TABELE 7
CORRECTION TO PRESSURE LOSS

LIQUID TYPE INLET LIQUID TEMPERATURE F C I

NOTE J CAPACITY FACTORS are aprdximate They are based on a
modest cooling water velocity in the tubes and a fouling factor of 0.002
min-lt'.F/Blu 00058 m'-C.kW Pressure loss calculations are also aooroxi-
mate A rigorous sizing and pressure loss calculation metnod is available
to Young Radiator Company Representatives through time-sharing computer
terminals in most offices

1 706-KE

UIon/example .'K

E XA11PL
1. Select a stock heat exchanger to remove .2100 Btu7min38 250 J/s from 150 psi 1040 kPa SAE 30 oil at 150F 65.5C.cooling to 135F 57C using 25 gpm 1.6 I/s of cooling waterat 70F 21C. -Maximum allowable pressure loss of shell

liquid. Pis, is 10 psi 69 kPa. Maximum allowable pressureloss of cooling water in tubes, Pit, is 5 psi 35 kPa.
2. Calculate liquid flow in shell-

Fs= (Tsi-Tso)x LIQUID CNSTANT
2100 38250

Fs = 1-= 40 gpm 2.5 I/s(150 65.5 - 135 57) x 3.5 1800
3. Calculate temperature of cooling water at outlet:

2100 38250
Tto = 70 21 + 8.3 4200 x 25 1.6 = 80F 27C

4. Determine LMTD:
Tsi - Tto = 150 66 - 80 27 = 70F 39C
Tso- TtO = 135 57 - 70 21 = 65F 36C
LMTD = 68F 37C

5. Calculate uncorrected CAPACITY FACTOR REQUIRED:
Uncorrected CAPACITY FACTOR REQUIRED =
2100 38250
20 37 = 31 Btu/min-F 1000 J/s-C

6. Determine CAPACITY FACTOR REQUIRED:
CAPACITY FACTOR REQUIRED
31 1000 x 1.27 = 39.4 1270

7. Select BASE MODEL:
502-DY has adequate CAPACITY FACTOR: however. PIs
is too high. 502-EY has adequate CAPACITY FACTOR,
appears to have a satisfactory Pis and is a normally stocked
BASE-MODEL ir-TYPE CODE F which is adequate for
operating pressure in shell of 150 psi 1040 kPa.

8. Calculate PIs for 502-EY:

Ps=(40 25~ 2Pis = 2-2 x 2.2 15 x 1.39 1.39 = 4.0 psi 28 kPa35 2.2
9. Select PASS CODE:

Because the 25 gpm 1.6 I/s flow is close to the MINIMUM
FLOW for 1P and close to the MAXIMUM FLOW for 4P,
use 2P.

10. Calculate Pit for 2P:
( 25 1.612Pit =1 72 4.6 x 2.1 15 x 2 2 = 0.5 psi 3.8 kPa

DISCUSSION: Select MODEL F-502-EY-2P

If 0.375 in. instead of 0.250 in. tubes are required, select MODEL
F-503-ER-2P using steps 7 through 10. If seawater is the
coolant, select MODEL F-502-EY-2P-CNTB. If oil pressure
exceeds operating pressure of TYPE CODE F, consider MODEL
HF-502-EY-2P. If stainless steel construction is desired, con-
sider MODEL SSF-502-EY-2P.

TABLE 8
FLOW LIMITS & PRESSURE LOSS IN TUBES

PRESSUREISHELL MAXIMUM LIQUID FLOW LOSS AT
DIAMETER LIQUID PASS IN TUBES MAX. PER

CODE FLOW IN CODE 01 SHELL
SHELL Minimum Maximumi LENGTH

C DE9prn I/s gpm /s gpm I/s psi kPa
2 11 0.69 1P 3.5 0.22 1 28 1.8 1 1.2 8.3

1P 9.0 0.57 71 4.5 1.2 8.3
3 34 2.1 2P 4.5 0.28 31 2.0 2.3 16

4P 2.2 0.14 17 1.1 6.8 47
IP 20 1.3 120 7.6 0.6 4.1

5 72 4.5 2P 10 0.63 72 4.5 2.1 15
4P 5.0 0.32 31 2.0 4.1 28
IP 30 1.9 250 15 1.1 7.66 120 7.6 2P 15 0.95 120 7.6 2.7 19
4P 7.5 0.47 61 3.8 6.7 46
1P 57. 3.6 460 29 0.6 4.18 220 14 2P 29 1.8 180 11 1.1 7.6

- 4P 14 0.88 115 7.2' 4.1 28
1P 100 6.3 680 43 0.6 4.110 590 37 2P 50 3.2 340 21 1.5 10
4P 25 1.6 170 11 3.7 26

NOTE K: Maximum iquid flows in shell. gpm t/s. in TABLE 8 correspond tolargest baffle spacing. Flow ranges for individual Base Mocels are shc.n in
.ABLE 9. Maximum flow corresconcs to veloc ty in snl and ties ci a It/s1.4 rn/s and minimum velocity in tlizes of i It/s C3 ~*/s

120 49 150 66 200 93 250 12

SAE 5 oil 1.20 1.07 0.89 0.74
SAE 10 oil 1.34 1.20 1.00 0.83
SAE 20 oil 1.48 1.33 1.10 0.92
SAE 30 oil 1.56 1.39 1.15 0.96
SAE 40 oil 1.64 1.47 1.22 1.01
polyglycol 1.64 1.58 1.31 1.14
phosphate ester 1.85 1.57 1.27 1.05
water * 0.68 0.65 0.58 0.53
501% ethylene glycol 0.93 0.86 0.75 0.65

in water

4/24/87, Rev. 0
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z-

-s rPm 1/
301-ER
302-ER
303-ER

Fs sim /s

502-HR
503-HR
504-HR

Fs com /s
502-DR
503-DR
504-DR

i.)
4.5
8.8
13

.1.0
18
28
38

5.0
20
29
39

3.E3
142
278
417

0.25
581
894
1210

0.50
616
913
1220

15
5.0
10
15

3.0
23
35
47
13
25
37
490

0.95
158
319
474

0.50
736
1110
1490

1.1
787
1170
1548

5.5
11
16

12
26
39
53

23
27
42
55

1.3
174
348
518

0.73
806

1230
1670

1.8
666
1320
1740

5.8
12
16
16
28
42
56
33
29
44
59

I.13
183
370
553
10
872

1320
1760
2.4
926
1390
1850

" 1 -- - -
Fs azm i/s

602-ER
503-ER
504-ER

15
19
29
38

0.95
594
904
1190

25 1.6
22 705
33 '1060
44 1400

35
24
37
49

2.2
771

1150
1550

4i 2.8
26 825
39 1240
53 1660

6.2
12
18
30
29
44
59
.a
31
46
62
-5
27
41
55

1.9
196
389
578
1.3
910

1390
1850
3.0
970
1460
1940

3.5
866

1300
1720

23
0.4 3
0.8 6
1.2 8

12 ( -6
7.9 55

13.4 93
19.1 132
33 1.

7.5 52
11.3 78
15.1 104

.35
1.6
2.5
3.2

2.2
11
17
22

1706-KE

capacity factor and pressure loss

AUL1~ -3

0

a

a

__

0

0

a e 0

,1 0 ,
'SSF 4P PASS CODE not aviilable from stock.

- CAPACITY FACTOR and RATED PRESSURE LOSS of SHELL LIQUID
RATED PRESSURENORMALLY BASE CAPACITY FACTOR Btu/min-F J/s-C LOSS OF SHELL LIQUID.STOCKED TYPE MODEL e lu :.Z. , ... C.. p;:m S psi kPa

F HF ISSFICNT 17 1 t-

* a * 201-HY 2.9 92 3.6 114 3.9 123 4.2 133 4.4 139 4.5 32
* * 202-HY 5.8 183 7.2 228 7.9 250 8.3 262 8.7 275 9.1 63

* * * * 301-HY 6.3 199 7.7 243 8.7 275 9.4 297 9.9 313 2.6 16
* * * * 302-HY 13 420 16 518 18 579 19 610 20 638 8.3 57
* a 303-HY 20 635 25 777 27 863 30 935 31 980 14.2 98

301-DY 6.9 218 8.4 265 9.3 294 9.9 313 11 332 3.0 21
302-DY 14 439 17 531 19 588 20 629 21 657 6.0 42

* 303-DY 21 657 25 796 28 882 30 942 31 989 9.3 62

* a 301-EY 6.4 202 7.3 231 8.0 253 8.5 269 8.9 281 0.5 4
* a * a 302-EY 13 408 15 465 16 506 17 547 18 566 1.1 8
* 303-EY 20 619 22 695 24 758 26 815 27 844 1.6 11

* . 502-HY 33 1060 41 1310 46 1440 49 1540 51 1600 15.7 1i9
503-HY 51 1610 63 1990 69 2170 73 2300 76 2420 26.7 16
504-HY 69 2170 84 2670 93 2940 98 3090 104 3290 I 37.9 252

.s c;:m is :3 0.63 .. .3 .. 1.3 .3 2.4 - 3.2 :o 13
* * . 502-DY 35 1120 43 1340 47 1480 50 1570 52 1650 11.3 78
* 503-DY 52 1650 64 2020 71 2230 75 2360 78 2450 17.1 115
* 504-DY 69 2190 85 2690 94 2970 100 3150 104 3290 22.8 157

is qoin is i5 0.95 15 1.6 is 2.2 i 2.3 sS 3.5 33
* * . . 502-EY 32 1000 38 1190 41 1290 44 1400 46 1460 2.2 15
* a a 503-EY 48 1510 57 1790 61 1940 66 2070 69 21901 3.3 22
* 504-EY 64 2010 74 2340 82 2580 87 2760 92 2890 4.3 30

Fs 0m i/s 1.9 40 2.5 3) 3.2 =0 3.5 7N -.. 6.
502-AY 32 1000 35 1100 38 1190 .39 1240 .41 1310 0.6 40
503-AY 53 1670 57 1800 60 1910 63 2000 .66. 2090 2.0 13
504-AY 63 2000 70 2210 75 2360 78 2480 82 2600 1.2 8

.-s. m 1;3 .J u.32 . 0.03 . " ;;d . 1.3 .5 1.3 -;3
* 602-HY 45 1410 56 1750 62 1960 67 2120 70 2220 8.8 61

603-HY 70 2200 86 2710 97 3070 1OS 3290 110 3440 17.8 123
604-HY 95 3000 115 3670 130 4110 140 4390 145 4610 27.2 183
606-HY 140 4460 175 5590 195 6190 210 6570 - - 40.6 2S0

iscam /s .0 0.63 .0 1.3 . .l.2 sJ s.2 E .1 |i2

602-DY 45 1420 56 1760 65 2040 71 2260 75 23701 5.7 40
603-DY 70 2220 87 2750 100 3150 110 3410 115 3600 11.8 8.

0 604-DY 94 2970 115 3670 135 4230 145 4580 155 4830 17.9 121
606-DY 145 4550 175 5560 205 6480 220 6950 230 7330 30.5 211
608-DY 190 - 235 7490 275 8630 300 9480 I - - 43.3 299

is C=m 1/s .0 1.3 -0 2.5 1N 3.3 .2 5. :-0 6.3 E0
0602-EY so 1560 61 1930 67 2110 72 2260 7 30 503

603-EY 74 2330 92 2910 100 3220 110 3440 110 3540 7.4 50
* . 604-EY 99 3110 120 3820 135 4230 145 4520 150 4770 9.9 68

606-EY 150 4710 180 5750 200 6380 215 6760 225 7110 14.8 102
* 608-EY 196 6190 240 7650 270 8560 285 9010 305 9610 19.7 136

q.,),n :! s 2. .3 3.6 1-j .0 . .3 -o 7.5 sto
602-AY 49 1550 56 1760 61 1920 64 2020 68 2130 1.2 8
603-AY 81 2550 92 2900 97 3070 105 3250 110 3440 4.0 27

* 604-AY 98 3100 110 3540 120 3860 130 4040 135 4230 2.4 16
606-AY 150 4680 165 5280 185 5810 195 6160 200 6350 3.6 25
608-AY 195 6190 225 7080 240 7620 255 8090 270 8470 4.8 33

c )m 1/ 3 2.0 0.13 -.1 0.32 -..0 0--j 11 . 03 J.0
301-HR 3.7 117 5.0 158 5.8 183 6.3 199 6.6 207 1.6 11

* a 302-HR 7.8 246 11 332 12 379 13 417 14 433 5.0 35
303-HR 12 373 16 515 19 585 20 626 21 664 8.6 60

Fs gpm !- 3 0.03 15 0.95 0 -3 ..6 1. --3 1. 20
301-DR 5.5 174 6.1 193 6.5 205 7.0 221 7.1 224 12.7 1
302-DR 11 301 12 386... 13 414 14 436 14 452 5.5 35
303-OR 16 is5 19 588 20 619 21 651 22 679 8.2 57

- I -
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capaCity faCtor and pressure loss
4/24/87, Rev. 0

CAPACITY FACTOR and RATED PRESSURE LOSS nf SHD f~i

*SSF 4P PASS CODE not available from stock..
*Stocked 10 SHELL DIAMETER CODE are CN OPTION CODE. CNT OPTION CODE not available.

D-162
7

- 3 (cz~tinu~di

NURMLLYRATED PRESSURETOCKEALTYE BASE CAPACITY FACTOR Btu/min-F J/s-C LOSS OF SHELL LIQUIOSTOKE TPE MODEL .& liUi 60w a ale:. .- s, amn i/s - psi kPa
F |HF SSF CNT* ____j ______ _______________________ _________

502-AR 18 562 20 632 21 679 23 720 24 752 0.4 3
503-AR I 29 926 33 1030 35 1120 37 1170 39 1220 1.2 8

___ 504-AR I 36 1130 40 1250 43 1360 46 1440 48 1530 II 2.2 15

602-HR 28 894 35 1120 39 1250 43 1350 45 1410 6.6 46603-HR 44 1390 55 1740 60 1910 65 2060 68 2160 13.3 92604-HR 59 1870 74 2340 82 2600 89 2800 93 2950 II 20.3 140606-HR 89 2810 110 3510 125 3890 135 4200 140 4360 I 30.5 210

602-DR 28 885 35 1110 39 1240 42 1330 44 1400 3.3 23603-DR 44 1380 54 1710 61 1910 65 2050 69 2170 6.6 46604-DR 59 1870 73 2310 82 2600 89 2810 92 2910 10.2 70606-DR 91 2890 110 3540 125 3920 135 4230 140 4420 17.3 120608-DR 120 3820 150 4710 170 5340 180 5660 190 5970 24.6 170
s p b r 12 .3 2.5 ,:0 3.3 -0J 5.0 int 6.3 60 3.8

* . 602-ER 31 986 39 1220 42 1340 46 1440 48 1510 3.7 26* 603-ER 47 1490 57 1800 64 2010 68 2130 71 2250 5.5 39* * 604-ER 62 1970 77 2440 85 2690 92 2890 96 3020 7.4 51* 606-ER 93 2940 115 3600 125 4010 135 4270 145 4520 11.1 76608-ER 125 3950 155 4870 170 5340 180 5720 190 6070 14.7 102
s- cOm a . .3 E9 2-J 3.2 ;3 4A 3J 5.7 11 ) 6.9 704.

* 602-AR 29 900 33 1050 37 1170 39 1250 42 1310 0.7 5
603-AR 47 1480 54 1710 60 1900 64 2010 66 2100 2.3 16

* 604-AR 56 1770 66 2100 73 2310 79 2480 83 2610 1.4 9606-AR 84 2660 100 3190 110 3480 120 3730 125 3920 2.1 15* 608-AR 110 3540 135 4200 145 4610 160 5020 165 5210 2.8 20
s em l's 15 0.95 30 1.9 45 2.8 60 3.8 75 4.7 45 . 2.8
802-DR 55 1720 68 2140 75 2390 81 2570 85 2690 4.6 32803-DR 86 . 2730 105 3350 115 3670 125 3950 135 4200 9.4 65804-DR 115 3670 145. 4520 160 5020 -170 5440 175 5560 14.3 99805-DR 145 4580 180 5690 200 6260 215 6790 - - 19.4 134806-DR 175 5530 215 6790 240 7550 260 8180 -- - 24.5 169808-DR 235 7430 290 9130 320 10100 - - - - 34.8 240

;s qom1 Is ;.5 1.8 .33 3.2 75 4.7 T130 6.3 -i35 7.9 75 4.7
* 802-ER 57 1800 71 2230 78 2470 I84 2640 88 2780 j 3.7 26803-ER 90 2850 105 3320 120 3730 I125 3950 135 4200 I 5.6 39

* 0 804-ER 115 3570 140 4460 160 4990 t165 5250 175 5500 I 7.4 52
* 805-ER 140 4460 I175 5560 195 6190 I210 6670 220 6890 I 9.4 65806-ER 170 5370 210 6600 235 7360 255 7990 265 8340 I 11.2 77808-ER 225 7140 285 8940 315 9890 335 10500 350 11000 15.0 104810-ER 285 8970 350 11000 390 12400 420 13200 - - j 18.8 130

-s camn I/s :J 3.2 CO 5.7 130 8.2 173 10.7 31') 13.2 I 133 8.2* 802-AR 57 1790 68 2150 75 2370 81 2540 85 2670 I 1.4 10803-AR 94 2970 110 3510 120 3860 130 4080 135 4230 1 I 4.8 34804-AR 115 3570 135 4300 150 4770 160 5060 170 5310 f 2.9 20805-AR 150 4800 180 5690 195 6190 210 6600 220 6920 I 6.0 41* 806-AR 170 5400 205 6410 225 7170 240 7580 250 7960 4.3 30
* 808-AR 225 7140 270 8560 300 9450 325 10300 335 10600 I 5.8 40810-AR 300 9510 360 11300 390 12400 420 13200 440 1380011 12.1 83

Ps aom *, a 50 3.8 100 6.3 1.a0 8.8 140 11.3 230 13.9 140 8.8T 806-TR 160 4990 185 5880 10 570 225 7100 230 7330 1.6 11* * 805-TR 140 4390 165 5180 10 6970 195 6100 200 6380 2.2 15* 808-TR 220 6950 260 8250 285 9070 305 9570 320 10100 2.9 20* 810-TR 250 7960 305 9570 335 10500 360 11300 380 11900 4.3 29
Ps corm I/s 50 3.2 100 6.3 150 9.4 200 12.6 250 15.3 150 9.4
1005-AR 215 8630 265 8440 295 9350 325 10200 335 10600 6.8 47
1006-AR 250 7840 305 9610 345 10800 370 11800 390 12200 4.9 34
1008-AR 320 10000 410 12900 460 14600 490 15500 520 16500 6.4 44
1010-AR 440 13700 550 17200 600 18900 640 20300 680 21600 13.3 92

'IsO m:: i I/ 150 9.5 20') 12.6 250 .: 8 3-d 189 '350 22.1 250 18.8
* . 1005-2R 245 7740 270 8530 285 8970 300 9390 310 9730 2.5 17

1005-TR 220 84;.J '290 9200 305 9640 320 10100 330 10500 5.5 38
* 1006-TR 305 9640 335 10600 360 11200 3/0 11600 390 12200 4.0 27

1008-TR 420 13300 460 14400 440 15300 510 16200 I520 16500 7.3 50
* . 1010-TR 500 15600 540 17000 570 18000 610 19200 620 19700 . 10.9 75

Fs corn ls 50 3.2 10') 6.3 150 9.4 200 126 25') 15.8 150 9.4
10O5-AC 110 3410 135 4300 150 4740 165 5180 170 5440 4.0 28
1006-AC 120 3860 155 4870 175 5500 190 5940 195 6230 2.8 19
1008-AC 165 5180 205 6480 230 7270 250 7930 265 8440 j 3.8 26
1010-AC 215 6790 270 8530 305 9640 325 10300 345 10900 1 7.8 54
Ps corm Is 150 9.5 200 12.6 250 15.8 300 18.9 T350 22.1 250 15.8
1005-TC 135 4300 150 4710 155 4900 165 5210 I170 5370 3.2 22
1006-TC 155 4870 165 5280 180 5720 185 5910 I195 6190 2.3 16
1008-TC 215 6760 230 7300 245 7740 260 8250 270 8470 4.2 29

-- - - 1010-TC 250 7960 270 8560 290 9160 305 9610 -320 10000 L 6.3 43
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/ F HF SSF dimensions

B
SNPT I -FE- % NPTF - 1 NPTF

% NPT IN OUTI ZNC
ZINC

-UT DIA N - c

1/ NPTF a NPTF 'I NPTF NHI
0.38 9.53 5 - -wIA HOL S J H_ -L-MJ 0Fig. 8 

s

/87, Rev. 0

C
M-8844
ht 11 of 11

1 NPTF -- F DE 31 NPTF 1%/ NPTF

* SHELL % NPTF N OUT Zm.c
) D!A. CODE ZINC -r

a 4 PAASS Oi D IN -C
J, C DE TL.

% ENPTF --..F
0.44 11.11 x % NPTF N0.88 22.23 N

SLOTS -H-M
Fig. 9 Sht I of 11

-- F E_ 1 NPTF

i S IN OROUT IN OR OUTI)SrHELL 1 NPTF----- .
0 DIA. COCDE I U * : }

PASS INT - OR OUT
3/ NPTF 14NPTF

0.83 22.23 SLOTS J -H L-M-J DM-S344
Fig. 10 Sht 4 of 11

F _D E4 NPTF

e SHELL 1 NPTF IN OR OUT IN OROUT! IN OR OUT K /N OR OUTSDIA. CODE

PASS % NPTF A DIA -C C, CODE ZINCS, .

1/4 NPT NPTF JN
0.44 11.11 x S ZINC N L DM-S4

Fig. 11 0.88 22.23 SLOTS - J H SM Sht 7 of 11

SHEL F -
"DELL R ALL UNITS ONE PASS

H A c D G J M N S H B E FCODE

201 2.12 53.8 2.50 63.5 7.62 193.5 1.56 39.6 11.06 280.9 1.88 47.7 2.50 63.5 .8 22.3 9.00 228.6 1.16 29.4 13.38 339.8 2.S3 73.1 2.88 73.1202 2.12 53.8 2.50 63.5 16.62 422.1 1.56 39.6 20.06 509.5 1.88 47.7 2.50 63.5 .88 22.3 18.00 457.2 1.16 29.4 22.38 568.4 2.88 73.1 2.88 73.1
301 3.62 91.9 4.88 123.9 7.00 177.8 2.50 63.5 12.38 314.4 3.25 82.5 5.00 127.0 1.50 38.1 9.25 234.9 O.81 20.5 13.88 352.5 3.44 87.3 3.44 87.3302 3.62 91.9 4.88 123.9 16.00 406.4 2.50 63.5 21.30 543.0 3.25 82.5 5.00 127.0 1.50 38.1 18.25 463.5 0.81 20.5 22.85 501.1 3.44 87.3 3.44 87.3303 3.62 91.9 4.8 123.9 25.00 635.0 2.50 63.5 30.38 771.6 3.25 82.5 5.00 127.0 1.50 38.1 27.25 692.1 0.81 20.5 31.88 809.7 3.44 17.3 3.44 87.3502 5.12 130.0 6.50 165.1 15.50 393.7 3.31 84.0 21.62 549.1 4.00 101.6 6.25 158.7 2.00 50.8 18.50 469.9 1.06 26.9 23.62 599.9 4.06 103.1 4.09 103.1
503 5.12 130.0 6.50 165.1 24.50 622.3 3.31 84.0 30.62 777.7 4.00 101.6 6.25 158.7 2.00 50.8 27.50 698.5 1.O6 26.9 32.62 820.5 4.06 103.1 4.06 103.1504 5.12 130.0 6.50 165.1 33.50 850.9 3.31 84.0 39.62 1006.3 4.O 101.6 6.25 158.7 2.00 50.8 36.50 927.1 1.06 26.9 41.62 1057.1 4.06 103.1 4.06 103.1

02 6.12 155.4 7.50 190.5 14.62 371.3 3.81 96.7 21.50 546.1 4.75 120.6 7.25 184.1 2.50 63.5 18.38 466.8 1.31 33.2 24.00 609.6 4.69 119.1 4.6 119.1
.,03 6.12 155.4 7.50 190.5 23.50 596.9 3.81 96.7 30.38 771.6 4,75 120.6 7.25 184.1 2.50 63.5 27.25 692.1 1.31 33.2 32.88 835.1 4.69 119.1 4.69 119.1604 6.12 155.4 7.50 190.5 32.38 22.4 .3.81 96.7 39.25 996.9 4.75 120.6 7.25 184.1 2.50 63.S 36.12 917.4 1.31 33.2 41.76 1060.7 4.69 119.1 4.69 119.1606 6.12 155.4 7.50 19o.s 50.5 1282.7 3.81 96.7 57.38 1457.4 4.75 120.6 7.25 184.1 2.50 63.5 54.25 1377.9 1.31 33.2 59.88 1520.9 4.69 119.1 4.69 119.1608 6.12 155.4 7.50 190.5 68.38 1736.8 3.81 96.7 75.25 1911.3 4.75 120.6 7.2S 184.1 2.50 63.5 72.12 1831.3 1.31 33.2 77.76 1975.1 4.69 119.1 4.69 119.1I Ani dimensions are inches millimetres) (Certified drawings are available upon request)
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11/2(500 series) 2(500 series)
2(600 series) %(500 series) 3(600 series)

%(500 series) F-E N ses) NPT
%(600 series) (IN sUTZINC/
1F-(-00 series) . O UTFI.4 L

ZINC
+.--OUT- - --- IN--- C

NPTF
3/(500 series NPTF
1/2 (600 series) S NPTF |- N N

0.44 11.11 x SLOTS H (500series)l M DM
0.88 22.23 1/;j(600 series) Sh

1706-KE

F HF Sbi dimensions

-8844

t 2 of 11 Fig. 12

1%(500 series) 1/2 (500 series)
2 (600 series) 2 (600 series)

NP T F-,- BPTF
(500 series) -- F D E-

1%2 (600 series) N OROUT IN OR'OUT .
NPTF- --- --
ZINC GR OUT

NP TF -1 D LA - 1 3
% (500 series) -
%/2(600 series) % NPTF

0.44 11.11 x LM DM-8844
0.88 22.23 SLOTS Sht 5 of 11 Fig. 13

B % NPTFI NPTF
-- F D E ZNEWITH

IN JR OUT IN OROUT IN OR OUT : N OROUT SELL
1%/2 NPTIF--} CIA. CO D

G- C

NPTF% NPTFY
ZINCS 

3/ NPTF N
0.44 11.11 x S ZINC OM-8844
0.88 22.23 SLOTS H Sht 8 of 11 Fig. 14

2 NTF__ 11/ NPTF

N OR OUT IN OR IOUT IN OR OUT N OR OUT

%h NPTF A-DIA
ZINCS 0 1 NPTP YT W

S .NTFZINC

0.44 11.11 x H NC N M-8844
0.88 22.23 SLOTS M Sht 9 of 11 Fig. 15

S9
Dill. cc::1
PASS
CG D:

TWO PASS FOUR PASS ___ __

H T B E F [_K H B E F K CODE

.- .. - .. - - - - - 20 1
-.. .-- - | - - 202

0.81 20.5 13.38 339.8 3.44 87.3 2.94 74.6 0.88 22.3 0.81 20.5 13.62 345.9 3.31 84.0 3.31 84.0 0.75 19.0 0.62 15.7 301
0.81 20.5 22.38 568.4 3.44 87.3 2.94 74.6 0.88 22.3 0.81 20.5 22.62 574.5 3.31 84.0 3.31 84.0 0.75 19.0 0.62 15.7 302
0.81 20.5 31.38 797.0 3.44 87.3 2.94 74.6 0.88 22.3 0.81 20.5 31.62 803.1 3.31 84.0 3.31 84.0 0.75 19.0 0.62 15.7 303
1.06 26.9 23.12 537.2 4.06 103.1 3.56 90.4 1.18 29.9 1.06 26.9 23.62 599.9 4.06 103.1 4.06 103.1 1.34 34.0 0.75 19.0 502
1.06 26.9 32.12 815.8 4.06 103.1 3.56 90.4 1.18 29.9 1.06 26.9 32.62 828.5 4.06 103.1 4.06 103.1 1.34 34.0 0.75 19.0 503
1.06 26.9 41.12 1044.4 4.06 103.1 3.56 90.4 1.18 29.9 1.06 26.9 41.62 1057.1 4.06 103.1 4.06 103.1 1.34 34.0 0.75 13.0 504
1.31 33.2 23.50 596.9 4.69 119.1 4.19 106.4 1.50 38.1 2.18 55.3 25.33 644.6 5.56 141.2 5.19 131.8 1.41 35.8 1.06 26.9 602
1.31 33.2 32.38 822.4 4.69 119.1 4.19 106.4 1.50 38.1 2.18 55.3 34.25 869.9 5.56 141.2 5.19 131.8 1.41 35.8 1.06 26.9 603
1.31 33.2 41.26 1048.0 4.69 119.1 4.19 106.4 1.50 38.1 2.19 55.3 43.13 1095.5 5.56 141.2 5.19 131.8 1.41 35.8 1.06 26.9 604
1.31 33.2 59.38 1508.2 4.69 119.1 4.19 106.4 1.50. 38.1 2.13 55.3 61.25 1555.7 5.56 141.2 5.19 131.8 1.41 35.8 1.06 26.9 606
1.31 33.2 77.26 1962.4 4.69 119.1 4.19 106.4 1.50 38.1 2.13 55.3 79.13 2009.9 5.56 141.2 5.19 131.8 1.41 35.8 1.06 26.9 608

(Certified drawings are available upon request)

4/24/87, Rev. 0
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Fig. 22
STANDARD MWC
Water Cooling
Radiator (stock) Fig. 23
Catalog 15 CI Indu
MWC Custom Units Water
Catalog 13 Catalog

Fig. 27
OCS Oil Cooler
(stock)
Catalog 10

strial
Cooler (stock)

30

Fi 28
g. -

F Fixed Tube
Bundle Heat Exchanger
(stock)
Catalog 12

GU G

Fig. 24
AV Watercooler &
Compressed Air
Aftercooler (stock)
Catalog 14

Fig. 29
RHF Fixed Tube
Bundle Heat Exchan
(Stock)
Catalog 12-2P

1706-KE

L

Fig 25 STAND
Fg 2Water

MOC Mobile Oil Catalo
Cooler (stock) HC Cu
Catalog 24 Catalo

Fig. 30
ger R Removable Tube

Bundle Heat Exchanger
Catalog 11

Fig. 31
OCH Cil Cooler
(stock)
Catalog 35

WA-A NT V
The Young Radiator Company, hereinafter referred to as the

"Company" warrants its commercial or industrial products
against defects in material and workmanship under normal use
and service for a period of one year from date of shipment
from its plants of manufacture.

All obligations and liabilities under this warranty are limited
to repairing or replacing, at the Company's option, such alleg-
edly defective products or parts as are returned. carrier
charges prepaid. to the plant designated by the Company:
2825 Four Mile Road, Racine, WI 53404; 120 North 14th Street,
Mattoon, IL 61938; or Dewey Road, Centerville, IA 52544. All
such repairs or replacements are made subject to inspection
by the Company of the returned products or parts at the Com-
pany's plant. No liability is assumed for costs relating to de-
installation or reinstallation.

Warranty on components or accessories furnished by sup-
pliers to the Company shall be limited to the warranty of the
respective component or accessory supplier.

The Company shall not be liable for any contingent, inciden-
tal or consequential damages for alleged failure or failure of
any of its products, components or accessories.

If field service at the request of the Buyer is rendered by the
Company, and the alleged fault is found not to be with the
Company's product, compofient or accessory, the Buyer shall
pay for the time and expenses of the field representative. Bills
for service, labor or other expenses that have been incurred
by the Buyer. their customer or agent without approval or
authorization by the Company, will not be accepted.

This warranty does not cover failure resulting from improperinstallation, mounting design or application; nor does it cover
failure due to corrosion. The Company's products are not
packaged or protected for long periods of storage in generallycorrosive atmospheric conditions.

Changes or repairs attempted or made in the field withoutwritten authorization from the Company automatically void
this warranty.

The Company, whose policy is one of continuous improve-
ment, reserves the right to improve its products through
changes in design or material as it may deem desirable with-
out being obligated to incorporate such changes in products
of prior manufacture.

SALES AND ENGIINEERIN G OFFICES
See Yellow Pages listing under Heat Exchangers.

*Alabama, Birmingham
*California, Los Angeles
California. San Francisco

'Colorado, Denver
'Georgia. Atlanta
'Illinois. Chicago
'Indiana, Indianapolis
'Louisiana, New Orleans
'Maryland, Baltimore

'Massachusetts, Boston
*Michigan, Detroit
'Minnesota. St. Paul.--''
'Missouri, Kansas City
*Missouri. St. Louis
'New York, Buffalo
'New York, New York
'North Carolina. Charlotte
'Ohio. Cincinnati

*Ohio. Cleveland
Oklahoma. Oklahoma City
Oklahoma. Tulsa

*Pennsylvania. Philadelphia
*Pennsylvania. Pittsburgh
'Tennessee. Memphis
'Texas. Dallas
*Texas. Houston
Utah. Salt Lake City

*Virginia. Richmond
*Washington. Seattle
Wisconsin. Milv.waukae

*Wisconsin. Racine

Alberta. Calgary
*Ontario. Toronto
Winnipeg, Manitoca

'Computer terminal installed for accessing Young Radiator Company stock status and design programs.

YOUNG RADIATOR COMPANY
2825 Four Mile Road a Racine, Wisconsin 53404
Plants at: Racine, WI, Mattoon, IL and Centerville, IA

TELEPHONE: 414-639-1011 e TWX: 910-271-2397 0 TELEX: 26-4435
20M 482 M

(

Litho in U.S.A.

4/24/87, Rev. 0
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Fig. 26
ARD HC
Cooling Radiator (stock)
g 17
stom Units
g 13
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1706-KE 4/24/87, Rev. 0 ES-803

Nuclear
High Efficiency.

Particulate Air IHEPAJ Filter

Astrocel I
Nuclear Series 200

24" x 24" x11-1/2" size - 200 sq. ft. media surface
(610 mm x 610 mm x 290 mm size 18.6M 2)

Astrocel I

'Ri .....~"

1111. flN

4. ii. .......

w.,-

A

-4

I.-.

Astrocel in Torsion Arm/
Compression Clamp Support Frame

ASTROCEL I DESIGN
The Astrocel I HEPA filter operates on the impaction-diffusion principle to remove ultra fine particles from ventilation and process air
using a high ratio (50 to 1) of media area to face area. Air velocity through the media is limited to a maximum of 5 ft. per min. The
low flow per sq. ft. of media provides a high dust holding capacity and longer filter life. The high density filtering media
(MIL-F-51079) of sub-micron glass fibers is folded into a closely pleated pack (200 sq. ft. surface area). Each pleat is separated by
corrugated aluminum (or asbestos) separators which support the media and allow air to flow thru with minimum resistance.

CONSTRUCTION FEATURES
" Cad plated steel or stainless steel cell sides (14 ga.) with media pack sealed in neoprene adhesive. Cell sides have media retaining

flanges and rigid box flange sealing headers at each face for distortion free clamp sealing. Astrocels may be installed with either face
as seal face, nuopi ene ygskets with interlocking duvetail corners are available or either %.ealg fuau..-. Faceyuard. Uf 4 A 4 hardware
cloth as media protection on each face and crossed wire bracing (one face) for added protection for extremely rough handling or
racking are provided where specified.

" UL 586 Rated - Filters qualified under Underwriters Laboratory Test Standard UL 586.

" AAF Quick Clamp Support Frame (in AAF Nuclear Filter Units) - Torsion arn comiression clarp design permits quick and simple
filter changeout; no separate parts, removable pieces, or tools are used. The two bar torsion/four dog clarrip design perinits quick
release of the used filter and its removal by one man. The frame includes two steel support armmis on which each HEPA filter rests.
Weight of the cell is carried by the frame, not by the operator during changeout. Installation of the new filter is also fast, with
positive clamp pressure provided with minimal effort to effect the seal face loading required for leak free operation. The seal faces
of the support frame are heavy (11 ga.) stainless or painted carbon steel, cut from a single piece of plate with no welds or other
surface variations which can lead to leakage. Seal faces are reinforced by their angle sides bent into the filter opening of the frame.

PERFORMANCE

Flow Capacity:

Efficiency:

1000 CFM (1700 M3/hr at 1.0 in. W.G. initial pressure drop

99.97 % by DOP Test Method on 0.3 micron particles.

Resistance at Rated Flow: Maximum initial resistance of 1 in. W.G. (0.25 kPa)
Recommended final resistance of 2 to 3 in. W.G. (0.5 to 0.75 kPa)
Design maximum: 10 in. W.G. (2.5 kPa)

Max. Temperature Limit: 250 *F (121 *C) continuous service

i

Better Air is Our Business'



Cell Size and Weight: 24" W x 24" H x 11-1/2" D, 46 lbs.
(610 mm x 610 mm x 290 mm, 20.8 Kg)

Surface Area: 200 5j. I t. (18.(3 M2 ) mrrcdij sur luce area

.iduction Tests:

4/24/87, Rev. 0

1. Pressure drop at rated flow
2. DOP penetration tests at 100% and 20% rated flows.
Each cell is tested and labeled with certified test results
and serial number.

Optional Test (Extra Cost):
3. U.S. agency reconfirmation tests.

Media Tests: Routine tests on each lot of media: tensiles, wet and dry, DOP penetration,
wet strength burst.

Qualification Standards - MIL-F -51069 - Media
MIL-F-51068 - Astrocel I is QPL listed
ANSI N509
UL-586
10CFR50, Appendix B - Quality Program applied to manufacture

Astrocel I Nuclear 200 Series
Model Data

Model No. Cell Sides Separators

5N25J6T38 Cad plated steel Aluminum

5N26J6T3B T304 S.S. Alurnintirn

5N25K6T3B Cad Plated steel Asbestos

5N26K6T38 T304 S.S. Asbestos

SUGGESTED ASTROCEL NUCLEAR SERIES 200 SPECIFICATION
All filters shall be of the high efficiency particulate air (HEPA) type. The components shall include * _ cell sides,waterproofed fire-retardant glass fiber media per (MIL-F-51079); * separators; neoprene bond; and dovetailed gasketssecurely fastened to filter face. The media shall have a minimum thickness of 0.015" + .0003", and a minimum tensile strength of 3.0pounds per inch. Each filter cell shall withstand a pressure drop of ten inches W.G.

Each filter shall have a nominal rating of 1000 SCFM with.a maximum pressure drop of one inch W.G. clean resistance. The exactdimensions of the filter shall be 24" high x 24" wide x 11-1/2" deep.

Each filter shall be individually tested and certified to have an efficiency of not less than 99.97 percent when tested with 0.3
micron dioctyl-phthalate particles. The overall dimensions shall be within +0, -1/8" and squareness of within +1/8". Filter model
no. and performance shall be printed on each filter cell. The filter shall be the ASTROCEL I Nuclear Series as manufactured byAmerican Air Filter Company, Incorporated.

-Select per Model Data.

AAF NUCLEAR ENVIRONMENTAL SYSTEMS include complete systems for cleaning and cooling atmospheric air in nuclear powerplants:

" Air Cleaning Units with HEPA's, Carbon Adsorbers, Medium & High Efficiency filters, Moisture Separators. Heaters, Coils,Fans.

" Air Cooling Units as Containment Cnonlers, Air Handling Units, Special Coolers, N Stamp Coil Assemblies.

American Air filter
AN ALLIS-CHALMERS COMPANY

Better Air Is Our Business

BUL NES-803-SEPT. 02 CLEAN AIR DIVISION $ P.O. BI

Optional Features
Available

(State requirement with
model number)

Face guards
Cross wire bracing

D0168 )UISVILLE, KY. 40232 Printed in U.S.A.-

1706-KE
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APPENDIX D-15

DEMISTER SPECIFICATIONS

WP# 9268A
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ONLY KOCH %

THE MIST ELI INATOR THAT"
IS BEST FOR YOU-

- - - - ~ --- -

7 11

NOT BEST FOR US!

Koch Engineering Company designs, manufactures and
markets industry's most complete line of entrainment
separators - FLEXIMESH, FLEXICHEVRON and
FLEXIFIBER mist eliminators - in an array of styles, sizes
and materials, to meet just about any requirement. Production
plants are strategically located throughout this country and
Canada to offer you the mist eliminator that is best for your

E Eprocessing operation. Other suppliers, because of limited line
and facilities, must force fit a solution to many problems. If we
don't have what you want "off-the-shelf", you can bet we'll
custom build it speedily and at minimum cost.

D-170

4 /24/A7 ReV 0EC



4/24/87 Rev. 0

KOCH I UO-N~- -

FLEXIMESH'

MIST EIJMINATORS
For Efficient Separation of ...
Mist And Liquid Entrainment From
Gas And Vapor Streams.

DIVMET DIVISION
(Formerly Diversified Metal Products, Inc.)

C

WHAT THEY ARE
FLEXIMESH/DIVMET mist eliminators
are porous blankets of wire or plastic
knitted mesh, designed and constructed
for the efficient, economical removal of
entrained liquid droplets from vapor
streams. FLEXIMESH pads can be
fabricated in any required size-and shape
and may be installed in new or existing
process vessels. Normally installed so
that vapor flow is upward through the
mesh pad, other special installation
methods can be used in unusual
situations. FLEXIMESH separators can
be furnished mounted on special
lightweight, open-area support grids.

HOW IT WORKS
When vapor and entrained liquid droplets
pass through a FLEXIMESH mist
eliminator, the vapor moves freely through
the mesh pad but the liquid droplets, due
to their greater inertia, cannot make the
necessary sharp turns and as a result are
thrown into contact with the wire surfaces
and briefly held there. As more droplets
enter the pad and collect on the wires,
they grow in size, run down the wire to the
bottom surface of the mesh separator and
fall from the unit Overhead vapor is now
free of entrained liquid. -

Clean dry
vapor-

KoCH/DIvMETO
Mist EBirninator

-carries liquid
Large liquid entrainnent
drops fall tree

disenaging

creates no
-7-7-7 droplets
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TYPES AVAILABLE
In small vessels where the top is removable, one-piece, wound
units are used because of their lower cost. In larger equipment
with access through a manway, or where a one-piece pad is not
possible, sectional pads of FLEXIMESH are used. This type of
construction is not limited as to size or shape. Units of up to fifty
feet diameter have been produced as well as those of unusual
shape. Mesh pad thickness is usually 4" or 6", but in some special
circumstances could be as much as 24" or greater.

DATA REQUIRED
Proper design and selection of a FLEXIMESH separator can be
assured by consulting our engineering department. Include the
following information whenever possible:
1. Vapor velocity
2. Vapor density
3. Liquid density
4. Surface tension

5. Liquid viscosity
6. Operating pressure
7. Operating temperature
8. Process or system

description

9. Materials of
construction

10. Performance
requirements

ALLOWABLE VELOCITY
Maximum allowable vapor velocity through FLEXIMESH mesh
separators can be calculated using a complex equation which
involves such factors as liquid viscosity, surface tension, droplet
size and quantity of entrainment etc. as well as factors involving
the vapor phase. To simplify the calculation, the equation below
may be used with free-flowing systems to obtain an
approximation of the optimum vapor velocity using only the actual
vapor and liquid densities.

U= K
V-Pv

Where:

U = Allowable velocity (ft/sec)
K = System constant (usually 0.35)

_P. = Liquid density (lbs/ft 3)
v = Vapor density (lbs/ft 3)

STYLES AVAILABLE
Density Surtac Arui Mesh Styles -

- . kocti/ -. : . Old UOP Stoae -

lblft Kg/W FPIFP IIW/W %Voids ODymet Yrt ACS Koch Type Webster
12.0 192 115 4 377. .97.6 4120 - 48A 1211 C C.-
10.8 173 110 1 360 97.7 4210 421 - - - -

10.0 160 163 1 535 94.0 3710 371 - -
- 9.0 144 86 282 -.98.2 4310 431 4CA 911 A .-. B

8.0 128 140 459 98.4 3260 326 3BF 706 K
.7.3 117 65 213 98.5 6440 644 -7-
7.0 t 112 -65 1 213 98.6 5310 531 5CA - -
5.0 80 48 6,157 99.0 9310 931 7CA 511 B A

20.0 320 450 1 1476 96.0 5520 - - - - L
27.0 432 610 2000 94.6 5540 333 - P

4.0 64 125 410 97.0 2212 221 -

4.0 64 150 I 492 97.0 2414 241

1706-KE
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FLEXICHEVRON'

MUST ElIMINATORS
An Effective Droplet -Removal System
For High Liquid Load
And Fouling Applications.

WHAT IT IS
FLEXICHEVRON Mist Eliminators are a
set of zig-zag baffles which are used to
separate liquid droplets from flowing
gases. The gases processed in this
manner are suitable for atmospheric
discharge or further processing.

WHERE THEY
ARE USED
" All types of air pollution control

scrubbing devices.
* Applications where droplets will be

sticky or viscous and will plug knitted
mesh mist eliminators. Evaporators in
sugar and paper plants, refinery and
petrochemica applications.

n Situations where wide flow rate
ranges are possible and cyclonic-type
mist eliminators will not be suitable.

HOW THEY ARE
SIZED
Sizing a FLEXICHEVRON Mist
Eliminator involves a complicated
relationship between gas velocity, gas
density, liquid loading rate, droplet size,
and liquid density.
Extensive pilot plant studies on the
various FLEXICHEVRON styles, over a
wide variety of conditions, permit Koch
Engineers to select the correct type and
size for your application.

HOW THEY WORK
Gases with entrained liquid droplets flow between the
zig-zag baffles. The gas can easily make the turns
while the liquid droplets impinge upon the walls of the
baffles and coalesce toa size such that they drop
downward, being too heavy to be carried in the gas.

THE CHEVRON
I
P

D
I

C

MPINGEMENT DE-ENTRAINED GASES
RINCIPLE

ROPLET
MPINGEMENT
AND
OALESCENCE

T L LARGE FALLING
MIST LADEN GASES DROPLETS

EFFICIENCY
Because it employs the impingement principle, the FLEXICHEVRON can
be used efficiently over wide gas velocity ranges - without significant loss
of droplet removal efficiency..Cyclonic-style mist eliminators (classically
used as dust scrubbers) cannot operate efficiently over as wide a range of
gas flows.

VERTICAL FLOw

100

_j Z5L199

E 8 WIDE RANGE

0 97 OF EFFICIENT
OPERATION;

O 096

W 95 11.2 3.61

- - 0 1.0 2.0 3.0 4.0 5.0
F' FACTOR - SUPERFICIAL VELOCITY X
(GAS DENSITY)'- (FT/SEC.) (LB./FT.')*

HORIZONTAL FLOW

_j Z

00

CL

100

99

98

97

I -

1.2 4.8

1.0 2.0 3.0 4.0 5.0
F - SUPERFICIAL VELOCITY X
(GAS DENSITY)"

C

KO C H
KOCH ENGINEERING COMPANY INC.

4111 E. 37th St. North, Wichita, KS 67220, Telephone 316-832-5110, Telex 041-7440
New York: 161 E. 42nd St., New York, N.Y 10017. Telephone 212-682-5755

New Jersey: Divmet Division, 1275 Bloomfield Ave., Fairfield, NJ 07006, Telephone 201-226-4100
Houston: 730 North Post Oak Road - Suite 201, Houston, TX 77024, Telephone 713-686-9315

Los Angeles: 6880 Orangethorpe Ave. - Suite C. Buena Park, CA 90620, Telephone 714-739-8853
Canada: Muirhead Engineering Ltd., Sheppard Avenue East, Agincourt, Ontario, Telephone 416-293-3666

Europe: Koch Intemational S.p.A., Casella Postale 13, 24061 Albano S. Alessandro, Bergamo, Italy
Koch Intemational, GmbH, -- * 4000 Dusseldorf 1, West Germany

S1 -7'1
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F-4c Water Supplies

The 1706-KE Waste Treatment System is not located in an area where water

supplies could become contaminated from any route of exposure. Water supplies
for the 100-K Area come from the Columbia River.

F-4d Equipment and Power Failure

Electrical power to the facilities at the 1706-KE Waste Treatment System is
supplied by a 230 KV crosstie from the Hanford Loop. This power comes from
the Bonneville Power Administration (BPA). Back-up power can be supplied from

the K-N tie via a keylocked inner tie during an extended power outage.

A power failure at the 1706-KE Waste Treatment System will immediately sound
an alarm in the 1706-KE Building.

F-4e Personnel Protection Equipment

The 1706-KE Waste Treatment Facility and the associated container storage area
are located within radiation zones in the 1706-KE Building. All operations
require that personnel use protective equipment such as gloves, shoe covers,
and protective clothing. An emergency eyewash and a safety shower are
provided in the 1706-KE Building.

F-5 PREVENTION OF REACTION OF IGNITABLE, REACTIVE, OR INCOMPATIBLE WASTES
No ignitable or reactive wastes are treated at the 1706-KE Waste Treatment
Facility or stored in the container storage area.

In order to prevent reaction of incompatible wastes in the system, personnel
at the facility check the 40 CFR 264 Appendix V Table, "Examples of

Potentially Incompatible Wastes" prior to adding any new wastes to the
system. Copies of this table are kept near all logbooks in the 1706-KE
Building. In addition, during the hazardous waste training for the operators

of the 1706-KE Waste Treatment System the operators will be given instruction

concerning the limits and controls on the types of wastes which may be placed

into the system. More information on this training is given in Section H of

this application.

WP #9146A

F-14
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These internal communications systems provide an immediate link to other

1706-KE operations personnel and are capable of summoning emergency assistance.

F-3c Aisle Space

There is adequate space in the vicinity of the 1706-KE Waste Treatment System
to provide for easy, unobstructed access to the facility by the fire
department or other emergency responders.

The waste accumulation tank, ion exchange column, evaporation unit, condensor,
condensate collection tank, and all associated piping are situated in the

secondary containment system. There is a minimum of 36 inches of aisle space

adjacent to the secondary containment areas.

The container storage area in the 1706-KE Building has a minimum of 36-inch

aisle spacing. This aisle space is sufficient to allow unobstructed movement

of personnel and equipment in the event of an emergency.

F-3d Arrangements with Local Authorities

DOE-RL has made arrangements with local authorities appropriate to the

potential need for services from these authorities. Section G-6 of the

Contingency Plan describes in detail these arrangements.

F-4 PREVENTIVE PROCEDURES, STRUCTURES, AND EQUIPMENT

F-4a Unloading Operations

This section is not applicable as the 1706-KE Waste Treatment System does not
receive wastes other than those transported to the facility from the point of

generation in the 1706-KE Building.

F-4b Run-Off

The 1706-KE Waste Treatment System and the associated container storage area

are located completely within the 1706-KE Building. This building is totally

enclosed and prevents precipitation from coming into contact with the wastes.

No run-on is allowed to come into contact with the waste treatment system, and

likewise, no run-off of precipitation occurs.

F-13
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this facility. Emergency Response and cleanup functions are available for
emergencies as described in Section G - Contingency Plan. A list -of emergency
equipment available on the Hanford Site is also available in Section G.

In the event that a fire occurs at the 1706-KE facility, personnel are
instructed to contact the Building Emergency Director (BED) of the 1706-KE

Building who will contact appropriate emergency personnel as outlined in
Section G - Contingency Plan. The 1706-KE Waste Treatment System is equipped

with fire control equipment including fire extinguishers and a supply of water

to control small fires. Ignitable wastes are not treated in the system, so

the chance of a large fire is remote.

The Hanford Fire Department has primary responsibility for spill response on

the Hanford Site. While some equipment which could be used for immediate
spill control is located in the 100-K Area, no equipment for spill response is
located at the 1706-KE Waste Treatment System.

F-3a(4) Water for Fire Control

Water at adequate volumes and pressures to supply water hose streams and/or

foam producing equipment for fire control will be supplied by the Hanford Fire

Department for fires requiring high water volumes and pressure at the 1706-KE

Waste Treatment System.

F-3b Access to Communications or Alarms

Personnel at the 170E-KE Waste Treatment System have immediate access to
internal communications systems (telephones) which meet the requirements of
WAC 173-303-320(2)(a) and (b) in the following situations:

(1) Whenever dangerous waste is being treated in the 1706-KE Waste

Treatment System; 'and

(2) Whenever there is just one employee on the premises while the system

is operating.

F-12
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F-3 PREPAREDNESS AND PREVENTION REQUIREMENTS

The 1706-KE Waste Treatment System is designed, constructed, maintained, and

operated to minimize .the possibility of fire, explosion or any unplanned
sudden or non-sudden release of dangerous waste or dangerous waste

constituents to air, soil, or surface or ground water which could threaten the

public health or the environment.

The following describes preparedness and preventive measures which help avoid
or mitigate such situations.

F-3a Required Equipment

F-3a(l) Internal and External Communications

Operators at the 1706-KE Waste Treatment System have access to a telephone

which is located approximately 50 feet from the system. This telephone allows
both internal communication with others in the 1706-KE Building and external
communications with others both on and off the Hanford Site.

Personnel can utilize the telephone to contact the Hanford Site Emergency
System by dialing 811. This number provides direct contact with the Hanford

Patrol, who will take appropriate emergency action.

Personnel in the 1706-KE Building also have the capability of summoning
emergency assistance via a P.A. system. The P.A. system is capable of being
heard above normal operations in all areas of the building. A facility fire

alarm in the building is tied into the 100-K Area fire alarm for immediate
summoning of fire control equipment and personnel.

F-3a(3) Emergency Equipment

All necessary emergency equipment is available for use at the 1706-KE Waste
Treatment System. The Hanford Site maintains a large inventory of heavy

equipment, hand tools, drums, and absorbent materials. The Hanford Site

maintains a fire department capable of handling the worst scenario fire at

F-l 1
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F-2c(2) Tank Monitoring Systems

The waste accumulation tank level sensor and the waste feed flowmeter will be

inspected each operating day to ensure that this equipment is operating and
that the system is being operated according to design.

The condensate collection tank level sensor will be inspected each operating
day to ensure that the sensor is in place and operating according to design.

F-2c(3) Secondary Containment System

The secondary containment systems of the 1706-KE Waste Treatment System will

be inspected each operating day to detect corrosion or any signs of a release

of a hazardous waste into the secondary containment curb.

The presence of a released hazardous waste in the secondary containment system

will warrant immediate (within 24 hours) action to remove the accumulated
waste and to correct the problem(s) with the system.

F-2d Chemical, Physical, and Biological Treatment System Inspection
Requirements

The ion exchange unit and the evaporation unit of the 1706-KE Waste Treatment

System will be inspected each operating day. Any deterioration or malfunction

will be remedied as soon as practicable to protect human health and the
environment.

F-2d(l) Structual Integrity of Treatment Units

The ion exchange unit and the evaporation unit will be inspected each

operating day for signs of corrosion or release of wastes from the units.

F-2d(2) Monitoring Equipment

All monitoring equipment, such as the waste feed cut-off systems, temperature

controllers, pressure gauges, flowmeters, etc., will be inspected each

operating day to ensure that they are in good working order and to ensure that

the treatment units are operating as designed.

F-10

1706-KE



17 06-KE 4/24/87, Rev. 0

STATUS

NO PROBLEMS
NOTED

REQUIRED REMEDIAL
ACTIONS/DATE

SEE
COMMENTS

1. STRUCTURES

A. CEMENT PAD 0

B. CURBING - - 0

C. DRAIN PLUGS IN PLACE 0 0 0

D. CONTAINMENT COATING INTACT 0 0 0

E. ROOF/WALLS

F. WARNING SIGNS 0 0 0

2. CONTAINER CONDITION

A. CLOSED & SEALED 0 0 0

B. STRUCTURAL DEFECTS 0 0 0

C. CORROSION 0 0 0

D.LABELS 0 0 0

E. EVIDENCE OF LEAKAGE 0 0 0

3. SAFETY/EMERGENCY EQUIPMENT

A. ABSORBENTS 0 0 0

B. EYEWASH 0 0 0

C. FIRE EXTINGUISHER 0 0 0

D. PROTECTIVE CLOTHING 0 E E
E.GLOVES 0 0 0

F. OTHER 0 0 E

4. COMMENTS/CORRECTIVE ACTIONS

5. INSPECTOR SIGNATURE
(Print Name)

(Sign Name)

COPY 1 - 1706-KE BUILDING MANAGERF COPY 2 - ENVIRONMENTAL PROTECTION GROUP (RE TAIN COPIES FOR THREE YEARS)
2K8701-6.23

FIGURE F-2
1706-KE CONTAINER STORAGE AREA INSPECTION LOG

DATE:

TIME:



1706-KE

DATE:

TIME:

STATUS

NO PROBLEMS
NOTED

REQUIRED REMEDIAL
ACTIONS/DATE

SEE
COMMENTS

1. STRUCTURES

A CEMENT PAD

B. CURBING 0_ 0

C. DRAIN PLUGS IN PLACE C 0
0 CONTAINMENT COATING INTACT 0 01 0

E. ROOFWALLS 0 03 0
F WARNING SIGNS 0 0 _0

2. CONDITION OF TANKS AND TREATMENT SYSTEMS
(ACCUMULATION TANK, CONDENSATE TANK, ION
EXCHANGE UNIT. EVAPORATION UNIT)

. CLOSED 0 11 0
o STRUCTURAL DEFECTS

CORROSION 0
,v EVIDENCE OF LEAKAGE 1_______0

3. MONITORING AND OPERATING EQUIPMENT
(VALVES. PUMPS. PRESSURE GAUGES. LEVEL
SENSORS, TEMPERATURE-SENSORS)

A. STRUCTURAL DEFECTS 0 0 0

B. OPERATING CONDITION 0 01 0

C CORROSION 0 0 _ _

0 EVIDENCE OF LEAKAGE 0 0 _ _

4. SAFETY/EMERGENCY EQUIPMENT

A. ABSORBENTS 0 0 0

B. EYEWASH 0 0 0

C. FIRE EXTINGUISHER 0 0 0

D PROTECTIVE CLOTHING 0 0 0

E. GLOVES 0 0 0

F OTHER 0 0 0

5. COMMENTS/CORRECTIVE ACTIONS

6. INSPECTOR SIGNATURE
(Print Name)

(Sign Name)

COPY I - 1706-KE BUILDING MANAGER COPY 2 - ENVIRONMENTAL PROTECTION GROUP IRE TAIR COPIES FOR THREE YEARSJ
2KO701-6 24

FIGURE F-1
1706-KE WASTE TREATMENT SYSTEM INSPECTION LOG

F-8
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F-2a(2) Inspection Log

Figures F-1 and F-2 are copies of the 1706-KE Waste Treatment System

inspection logs. These logs will be filled out by the 1706-KE Building

Manager or a designated alternate after each inspection. One copy will be
retained in the 1706-KE Building in the office of the building manager, and
one copy will be sent to the UNC Environmental Protection group each working
day.

This log will contain the date and time of the inspection, the inspector's
printed and handwritten signature, a notation of any observations made, and
the date and nature of any repairs or other remedial actions.

F-2a(3) Retention of Records

Logs of facility inspections are kept for a minimum of 3 years following the
inspection.

F-2b Container Inspection Requirements

The container storage area in the 1706-KE Building will be inspected on a

weekly basis. The inspector will look for leaking containers and
deterioration of the containment system caused by corrosion or any other
factors. Remedial action will be taken if deterioration or leaks are detected.

F-2c Tank Inspection Requirements

F-2c(l) Structural Integrity of Tanks

The waste accumulation tank and the condensate collection tank of the 1706-KE
Waste Treatment System will be inspected each working day. The inspector will
look for signs of corrosion or release of wastes from the tank.

In addition, all tank ancillary equipment (valves, pumps, tubing, etc.) will
also be inspected each working day for proper operation and for signs of
corrosion or leaks.

F-7
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TABLE F-1 (Continued)

Safety Shower / Eyewash - Ensure that these are in place and operational.

Signs - The warning sign on the entrance to the facility should be

inspected for deterioration. This sign must be visible from 25 feet away.

F-6
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TABLE F-1 (Continued)

SECONDARY CONTAINMENT

1706-KE Waste Treatment System (Daily) - Inspect the secondary containment

of the 1706-KE Waste Treatment System daily to detect erosion or disrepair

of the containment, and to detect any signs of a release of a hazardous

waste.

Container Storage Area (Weekly) - Inspect the container storage area

secondary containment weekly to check for deterioration of the containment

system or the presence of released wastes in the containment.

The presence of liquids in the secondary containment system warrants immediate

action to remove the liquids and correct any problems.

MONITORING SYSTEM AND OPERATING EQUIPMENT (Each Working Day)

Tank Level Sensors - Inspect the level sensors in the waste accumulation

tank and the condensate collection tank to ensure that they are in place

and are operational.

Flow Meter - Inspect the system flowmeter to ensure that it is in place

and is operating.

Other Monitoring Equipment - Inspect the other monitoring equipment in the

system, including the waste feed cut-off, the temperature controller, the

pressure gauges, etc., to ensure that they are operating properly.

SAFETY AND EMERGENCY EQUIPMENT (Each Working Day)

Telephone - Ensure that the telephone near the waste treatment system in

the building is operational.

Protective Clothing - Verify that protective clothing and gloves are

stored at the waste treatment facility.

F-5
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The building manager of the 1706-KE Building, or his designated alternate, is-
responsible for conducting the inspections of the 1706-KE Waste Treatment
System and of the container storage area. The 1706-KE Waste Treatment System
will be inspected according to the written schedule identified in this plan.
A record of the inspection will be logged on an inspection form, as shown in
Figure F-1. Personnel at the 1706-KE Building will retain the original of the
inspection form, and a copy will be sent to the UNC Environmental Protection
group. The inspection logs will be retained for a minimum period of three (3)
years.

Any problems noted during the inspection will be brought to the attention of

the 1706-KE Building Manager or his designated alternate as soon as possible
after the inspection. Action to correct those problems will be undertaken as
soon as is practicable. Any problems which pose an imminent threat to human
health or the environment, as determined by the building manager, will receive
immediate action to correct the problem.

If the inspection reveals the presence of any release of hazardous waste or
accumulated liquid in the secondary. containment system of either the waste
accumulation tank or the condensate collection tank, action will be taken to
remove the released materials and remedy any problems in the system within
24 hours.

This inspection plan and schedule will be kept in the office of the 1706-KE
Building Manager. Another-copy will be retained by the UNC Environmental
Protection group. This plan will be reviewed and updated on at least a yearly
basis or whenever changes have been made in the system. Any necessary changes

to the plan will be made as soon as possible following the review.

F-2a(l) Types of Problems

The 1706-KE Waste Treatment System will be inspected for the types of problems

noted in Table F-1. These potential problems are those which may cause or
lead to a release of a radioactive mixed waste.

F-3

1706-KE



4/24/87, Rev. 0

F-lb Warning Signs

The 1706-KE Waste Treatment System will be equipped with signs denoting the

legend "Danger-Unauthorized Personnel Keep Out" at each entrance to the active
portion of the facility. These signs will be legible from a distance of at

least 25 feet. All signs will be posted in distinct locations around the

facility and in sufficient numbers so that they can be seen from any approach
route to the unit. All signs will be in English, the predominant language

used in the area surrounding the facility.

F-lc Means to Control Entry

The 1706-KE Waste Treatment System is located within the Hanford Site

Controlled Access Area. Access to the Hanford Area is controlled by the

Hanford Patrol on a 24-hour per day basis.

In addition, the 1706-KE Waste Treatment System is located within the limited

access area at the 100-K Area of the Hanford Site. Access to this limited

area is controlled by a fence with a locked gate and a manned guard station.

Unauthorized personnel are not allowed entrance into this area.

F-2 FACILITY INSPECTION PLAN

F-2a General Inspection Requirements

The 1706-KE Waste Treatment System will be inspected to prevent malfunctions
and deterioration of the system, operator errors, or discharges which may

cause or lead to the release of dangerous waste constituents to the

environment or a threat to human health. These inspections will be conducted

each operating day in order to identify problems in time to correct them

before they can harm human health or the environment.

All monitoring equipment, safety and emergency equipment, security devices,

and operating and structural equipment of the 1706-KE Waste Treatment will be

inspected each operating day.

F-2
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SECTION F

PROCEDURES TO PREVENT HAZARDS

F-1 SECURITY

The Department of Energy (DOE) Hanford Site maintains a site security program

for the protection of government property, classified information, and special
nuclear material. The security requirements of 40 CFR 264.14 and

WAC 173-303-310 for hazardous waste treatment facilities are met by this

security program. The security systems on the site prevent unknowing entry

and minimize the possibility for unauthorized entry of persons or livestock

into any of the hazardous waste facilities.

Unauthorized or unintended entry to hazardous waste facilities is prevented by
(1) 24-hour surveillance systems in the form of manned barricades at the

entries to controlled access areas, (2) fences, gates, locks, and warning

signs, or (3) combinations of both (1) and (2). Only personnel who have been

granted a security clearance from the U.S. Department of Energy (DOE) are

permitted to enter the Hanford Controlled Access Areas. In addition, the

Hanford Patrol provides surveillance patrols of the controlled access areas.
Figure B-3 is a drawing illustrating some of the security measures related to

the 1706-KE Waste Treatment System.

Site personnel receive training on Hanford Site security regulations in the

form of required education and on-the-job training. Procedures for ensuring

personnel compliance with security requirements, providing security education,
and training personnel are developed and maintained on the Hanford Site.

Performance of periodic security compliance audits and inspections ensure that
procedures are followed.

F-la Waiver

A Waiver of the security procedures and equipment requirements for the 1706-KE

Waste Treatment System will not be pursued by the U.S. Department of Energy,

Richland Operations Office (DOE-RL).
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SECTION E

GROUNDWATER MONITORING

The 1706-KE Waste Treatment Facility, located in the 100-KE Area of the

Hanford Site, is exempt from the groundwater monitoring requirements of WAC

173-303-645(l)(a) and 40 CFR 264.90(a) which state that ". . . the regulations

in this subpart apply to owners and operators of facilities that treat, store,

or dispose of hazardous waste in surface impoundments, waste piles, land

treatment units, or landfills." The 1706-KE Waste Treatment Facility does not

use any of the above land disposal units to manage hazardous wastes.

WP# 9134A
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SECTION G

CONTINGENCY PLAN

The information contained herein is submitted in accordance with the

requirements for a contingency plan, as contained in 40 CFR 270.14(b)(7) and
264 Subpart D and WAC 173-303-350 and -360. The intent of these regulations
is to ensure that facilities which treat, store, or dispose of hazardous
wastes have established the necessary planned procedures to follow if an
emergency situation arises.

The 100 Areas Hazardous Materials/Waste Contingency Plan appears in
Appendix G-1 and establishes policy and procedures for spill prevention,
containment, and countermeasures to minimize any adverse impact to the
environment, to reduce safety and health hazards, and to meet standards which
define the acceptable management of hazardous waste. The standards in this
plan apply to all areas of the facility that handle chemicals and treat,
store, or dispose of hazardous waste. Information on the hazardous properties

of the various chemicals used in the plant, the safeguards to protect
personnel from exposure, and the proper handling, -storage, and disposal of the
hazardous materials is available onsite.

G-1 GENERAL INFORMATION

The 1706-KE Waste Treatment System is located near the 105-KE Reactor Building
in the 100-KE Area and is used to store and treat laboratory generated

dangerous wastes exhibiting hazardous characteristics by ion exchange and
evaporation. Fires and liquid spills are potential hazards at this facility.

The 1706-KE Waste Treatment facility is a staffed facility with a telephone
and fire alarm system available for use by operating personnel.

The location of the 1706-KE Waste Treatment System is shown in Appendix B-2,

the 100-KE Area Topographic map.

G-1
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The contingency plan is designed to minimize hazards to human health and the
environment from fires or any unplanned sudden or non-sudden release of
hazardous waste or hazardous waste constituents to air, soil or surface
water. The provisions of the plan will be carried out immediately whenever
there is a fire or release of hazardous waste or hazardous waste constituents

which could threaten human health or the environment.

This plan can be revised only by the Environmental Protection and Emergency

Planning Groups based on information determined by these organization or on

information made known by the manager(s) of the waste treatment system.

Generally, the types of changes that warrant a revision are:

o Revision of the facility permit;

o An error(s) is found in the plan;

o In an emergency situation, the plan is found to be inadequate or incomplete;

o The facility manager changes;

o The emergency equipment list changes;

o The facility changes in such a manner that the plan is no longer correct or

viable.

Copies of this plan are located at the 1706-KE Research Laboratories.
Additional copies are located at the Patrol Operations Center (POC), with the

UNC Emergency Planning Section (located in Building 1124-N in the 100-N Area),

with the facility managers, with the Environmental Safety Staff, with the Area

Emergency Director (AED), with DOE-RL, and with all groups that will be

involved in emergency response.

G-2
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G-2 EMERGENCY COORDINATORS

The overall responsibility for the protection of 1706-KE Waste Treatment

System TSD facility personnel and property lies with the 100-KE Facilities
Maintenance Manager. This person will identify Building Emergency Directors

(BED) who are responsible for directing initial actions in the event of an
emergency at the 1706-KE Waste Treatment facility. This responsibility

includes the accountability of personnel at the event site, evacuation of the
affected area, identification of material involved and safe shutdown of

equipment and the waste treatment system. If an emergency occurs, the BED

shall remain in charge with support provided by the Emergency Action

Coordinator (EAC) and the Area Emergency Director (AED). The 1706-KE Waste

Treatment System supervisor has been designated as the primary emergency

coordinator (for the 1706-KE Waste Treatment System) from here on identified

as the BED. The EAC or AED has the authority to commit all necessary

resources including equipment and personnel in the case of emergency at the

1706-KE Waste Treatment Facility. The Emergency Action Coordinator is

responsible for acting as the event site liaison between the AED, BED, and

site emergency services.

The emergency chain of command for the TSD facility is shown below.

Building Emergency Director (Primary Contact) Work Phone Home Phone

1706-KE Facility - Ken C. Oberg 373-1589 943-4161

Area Emergency Director (Alternate Contact)

100-KE Area - John F. Karns 373-3779 946-6496

Emergency Action Coordinator (Alternate Contact)

1706-KE Facility - Blair B. Emory 373-1862 946-7184

The Building Emergency Directors are thoroughly familiar with all aspects of

the contingency plan, all operations and activities at the 1706-KE Waste

Treatment System Facility, the type and characteristics of the waste being

treated, the location of all records and the layout of the 1706-KE Waste

Treatment System.
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G-3 IMPLEMENTATION OF THE CONTINGENCY PLAN

The decision by the BED to implement the facility plan depend on whether an

actual incident such as a fire, chemical spill, or release of hazardous waste

constituents threatens human health or the environment. Immediately after

being notified of an emergency incident, the BED will proceed to the site and

evaluate the situation. The following are situations that would warrant

implementation of the contingency plan:

o A fire occurs, such that

The potential for human injury exists

- Toxic fumes are released

- The fire could spread onsite or offsite and possibly ignite other
flammable materials 'or cause heat-induced explosions

o A spill or release of a hazardous material occurs such that

- The spill can be contained onsite, but the potential exists for
groundwater contamination

- The spill cannot be contained onsite, resulting in offsite soil

contamination and/or ground or surface water pollution

Many ways of discovering a spill or release of chemicals are available. This

includes routine and scheduled inspections of areas by operating personnel.

Activation of the appropriate emergency organization is initiated by

instrumentation and/or notification of the Patrol Operations Center (POC).
Based upon the type and magnitude of the emergency event, the POC will notify

the Hanford Fire Department Hazardous Materials Response Team.

G-4
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Following discussions with the Building Emergency Director who has principal
responsibility for stabilization and recovery, the Area Emergency Director and
the UNC Management Representative shall agree upon prelimi-nary
subclassification for the event (see below) and determine the appropriate
level of response. As additional information on the event becomes available,
the Area Emergency Director and the UNC Management Representative shall revise
the classification of the event and the response level accordingly.

The following excerpt from UNI-M-2 VOLl, The UNC Nuclear Industries Emergency
Plan, lists the classifications of emergencies involving hazardous waste that
can occur on the Hanford Site. The likelihood of an.onsite hazardous waste
emergency at the 1706-KE Waste Treatment System posing a health hazard to

offsite personnel is remote, but is considered here as a "worst case"
possibility.

Unusual Event

An unusual event that indicates a potential degradation of the level of safety
or security of the plant. (Examples: fires, security threats, attempted

entry or sabotage, natural disasters, minor explosions with limited impact,
toxic or flammable gas release external to facilities, spill requiring
evacuation of single building, etc.)

Alert

An event that involves one or more of the following:

1. Plant fatality

2. Serious injury

3. Actual or potential substantial degradation of the level of safety or
security at the plant

4. Spill requiring evacuation of imore than one building

The purpose of the alert is to assure that emergency personnel are available
to readily respond if the situation becomes more serious, and to provide

DOE-RL with current status information. This level of event involves
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conditions where significant personnel contamination or exposure has or could
occur. (Examples: loss of power resulting in containment compromise, severe

natural phenomena, known explosive damage to facility, release of toxic or

flammable gases into a facility, or events requiring evacuation of a plant

facility.)

Site Emergency

An event that involves actual or likely major failures of plant safety/

security functions needed for protection of the public and environs. A Site

Emergency requires that onsite emergency response centers be activated and
that DOE-RL make offsite notification to assure that all needed support

centers are manned, assure that monitoring teams are dispatched, that

personnel required for evacuation of near-site areas are at duty stations, and

that information is provided to the public through offsite notifications.

Such an event involves conditions where significant release of chemical wastes
are likely to or are occurring and would cause exposure in the surrounding

populace.

Hazardous material release onsite may exceed TLV and offsite is less than
1/10 TLV.

General Emergency

An event that involves actual or imminent substantial degradation of plant
safety and/or security systems. The purpose of the General Emergency

declaration is to initiate predetermined protective actions for the public,

provide for continuous assessment of information, initiate any additional

measures as indicated by actual or potential releases, provide for

consultation with offsite authorities, and to provide information updates to

the public through offsite authorities.

Hazardous material release onsite may exceed TLV STEL and offsite is greater

than 1/10 TLV.
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G-4 EMERGENCY RESPONSE PROCEDURES

G-4a Notification

Nonradioactive Dangerous Waste Treatment, Storage and Disposal Facilities

In the event of an emergency, the Building Emergency Director will be notified

by the person discovering the problem. The BED will then notify the Patrol

Operations Center (POC); subsequently, all personnel in the affected area; and

appropriate federal, state, or local authorities (Section G-8) will also be

notified. Figure G-1 depicts the chain of notification for an emergency at

UNC Facilities.

The Patrol Operations Center (POC)

The Patrol Operations Center should consider notifying the following persons/

groups in the event of a hazardous waste spill/incident:

o Patrol Management

o The Hanford Fire Department Hazardous Materials Response Team

o UNC Single Point of Contact (3-3333)

o DOE-RL Safety Duty Officer

o DOE-RL Security Duty Officer

o Pacific Northwest Labs (PNL) Exposure Evaluator

Building Emergency Director (BED)

The BED should consider the following actions in the event of a nonradioactive

hazardous waste spill/incident:

o Evacuation of immediate area, if appropriate.

o Account for personnel known or thought to have been in facility. Report

unaccounted for/missing personnel to the Area Emergency Director.

o Provide assistance to the Hazardous Materials Response Team and other

outside support organizations as requested.

G-7
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o For spills and discharges over the CERCLA/WDOE reportable quantity, contact

the Environmental Protection Group, who will initiate notification
procedures.

G-4b Identification of Dangerous Materials

The BED will immediately identify the character, exact source, amount, and

areal extent of the release. Methods available for the identification of any
spilled or discharged hazardous waste include notifying the PNL exposure

evaluator who, if unable to identify the hazardous waste, has at his disposal

any PNL personnel that he feels would be of assistance.

In addition, the following Environmental Protection staff may be contacted

directly for expert environmental consultation during emergencies involving

nonradioactive hazardous materials.

Name

B. L. Vedder

L. A. Garner

E. M. Greager

Work Phone

376-8903
373-3639

373-2245

Home Phone

946-1114

946-2365

586-9767

For assistance from the Hanford Environmental Health Foundation, the following
may be contacted:

Environmental Health

Name

L. J. Maas

D. E. Anderson

Work Phone

376-7040

376-7355

Home Phone

586-0679

547-5118

Area

100
200

300/400 FFTF Areas

700, 1100, 3000 Areas

Phone Number

373-1603

373-2703

376-3303

376-6403

G-9
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For assistance from DOE-RL, contact:

Name Work Phone Home Phone

P. J. Krtpin 6-9989 783-0752

Identification of the spilled waste can be made by visual inspection, by

sampling, and by reference to facility inventory records and shipping

manifests. During 1986, several computer tracking systems and data bases were

constructed to aid in hazardous waste identification. The BED for the

facility will be aware of these computer systems and how to utilize them.

Standby service is also available from the Chemical Emergency Information

Center (Chemtrec) by calling 1-800-424-9300.

G-4c Assessment

Once the spilled/ignited hazardous waste has been positively identified by the.

individuals listed in Section G-4b, it should be possible to determine the

extent of the danger posed by the spill/fire. If the individuals present who

performed the identification are uncertain of the danger, additional

assessment aid can be obtained from the following sources:

The Hanford Fire Department Hazardous Material Response Team

The Chemtrec Information Center (1-800-424-9300)

The United States Department of Transportation Emergency Response

Guidebook (DOT P 5800.3), copies of which are available from the Hazardous

Materials Response Team, BEDs, EACs, and the Area Emergency Director

If consultation with the above sources does not result in a positive assessment

of the danger to human health presented by the fire/spill, a worst case

condition should be assumed and evacuation procedures should be initiated.

Likewise, if a positive assessment of the spill/fire is made and a danger to

human health is indicated, evacuation procedures should be initiated. The BED

at the scene of the incident is responsible for initiating any evacuation.

G-10
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Individuals performing a spill/fire assessment should keep in mind that it is
necessary to assess both the direct- and indirect hazards posed by the

spill/fire.

G-4d Control Procedures

An overview of the emergency plan of action is outlined in Figure G-2. The

1706-KE Waste Treatment System is easily accessible by firefighting and other

emergency equipment. The following actions will be taken in the event of a

hazardous waste spill.

G-4d(l) Spill or Material Release

In the event of a major emergency involving a chemical or hazardous waste

spill, the following general procedures will be followed for safe and rapid

response and control of the situation:

1. The person who discovers the spill will immediately call the POC at 811

and contact the BED. Provide as much information as possible to the POC

without personal risk. Calling the POC on 811 will cause the following

individuals/organizations to be notified without any further action on the

part of the caller; i.e., the POC will handle all notifications:

Patrol Management

The Hanford Fire Department Hazardous Materials Response Team

UNC Area Emergency Director

DOE-RL Safety Duty Officer

DOE-RL Security Duty Officer

Pacific Northwest Labs (PNL) Exposure Evaluator

2. The BED will proceed directly to the scene.

3. The BED will obtain all necessary information pertaining to the incident.

4. If evacuation is necessary, the AED will sound the evacuation alarm and

give instructions over the PA system.
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NEMA TYPE 12 ENCLOSURES

SINGLE DOOR

APPLICATION -Hoffman NEMA Type 12 Enclosures are
designed to house electrical controls, terminals, and instru-
ments. They provide protection from dust, dirt, oil, and water.
CONSTRUCTION -

SINGLE DOOR ENCLOSURES -Single doorenclosures
are made from 14 gauge steel and have a strong and rigid
construction. All seams are continuously welded and
there are no holes or knockoults. A rolled lip is provided
around three sides of the door and around all sides of the
enclosure opening; this increases strength and keeps dirt
and liquids frdm dropping into te enclour awhen the

oil-resistant adhesive, and is also held in place with steel
retaining strips. The door clamps are quick and easy to
operate and have no loose parts. The doorcan be removed
by pulling the hinge pin. A haspand stapleare provided for
padlocking, and each enclosure has a removable and
reversible print pocket. Only two small weldpins show on
the inside of the door it the print pocket is removed. Body
stiffeners and door stiffeners are provided in larger enclo-
sures for extra rigidity. External feet are furnished for
mounting. Collar studs are provided for mounting the
optional panels. PANELS MUST BE ORDERED
SEPARATELY.

TWO DOOR FLOoR-MOUNTED ENCLOSURES - Two
door floor-mounted enclosures are made from 12 gauge
steel, except for Cat. No. A-544208LP which is made from
1/ jauge steel. All seams are continuously welded ar..
tt-..e are no holes or knockouts. The 'neoprer? door
gaskets are attaci~ad with oil resistant adhesive, and are
also held in place with steel retaining strips. These enclo-
sures have uniquely gasketed, overlapping doors which
eliminate the need for a center post. A 3-point latching
mechanism. operated by an oil-tight key locking handle,
holds the doors securely closed. There are rollers on the
ends of the latch rods for easier door closing. Heavy-
gauge continuous hinges support each door. Each enclo-
sure has a removable print pocket, 12 inch floor stands *heavy-duty lifting eyes. and body stiffeners. Collar studs
are provided for mounting the optional panels. PANELS
MUST BE ORDERED SEPARATELY.

TWO DOOR

ACCESSORIES
PANELS -Panels must beordered separately, as they ire
not furnished with the enclosures. Panels for single door
enclosures are 12 gauge steel. Panels for two door enclo-
sures are 10 gauge steel, except for Cat. No. A-54P42
which is 12 gauge steel.
FLOOR STAND KITS- Floorstand kits in 6-inch, 12-inch,
18-inch, and 24-inch heights are availaole for factory orfield installation on all single door NEMA 12 enclosures.
See Bulletin A-80 for details.
TERMINAL KITASSEMBLIES - Bracket assemblies and
terminal straps areavailable formounting terminal blocks.
See Bulletin A-8O for details.
DRIP SHIELD KITS -Dripshield kits protectthedoorand
the door hardware from dripping water and settling dust.
See Bulletin A-80 for details.
LATCH KITS & LOCK KIT - Latch kits with oil-tight
key-locking handlesare available for all single door NEMA
12 enclosures. An oil-tight lock kit is also available. See
Bulletin A-80 for details.
ELECTRICAL INTERLOCKS - Hoffman electrical inter-
locks provide a positive internal safety lockout on electri-
cal enclosures while the enclosure contents are
energized. See Bulletin A-80 for details.
MISC. ACCESSORIES - Other accessories include oil-
tight hole seals, touch-up paint. gasketed hubs. louver
plate kits. window kits, rack angle kits, folding shelves,
door stop kits, panel support kits, lock kits, and enclosure
stabilizers. See Bulletin A-80 for details.

FINISH - The standard finish is white enamel inside and gray
prime outside over phosphatized surfaces. Panels are white
enamel.
MODIFICATIONS - Hoffman can supply holes. hubs, louvers,
cutouts, special finishes. special materials, special enclosure
sizes, and many other modifications. Be sure to specify itcollar
studs are required on special enclosures. Consult the factory
for prices.
INDUSTRY STANDARDS - These enclosures conform to the
National Electrical Manufacturers'Association (NEMA) stand-
ard for Type 12 (Industrial-use) enclosures. They also conform
to Joint Industrial Council (JIC) Standard EGP-1-1967. Manyof these enclosures are listed by Underwriters' Laboratories.
Inc. as indicated in the table on the following page.
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EMERGENCY'~
OCCURS

FIRE SPILL OR
OR MATERIAL

EXPLOSION RELEASE

EXTINGUISH OR CONTAIN
CONTAIN FIRE SPILL

IF POSSIBLE IF POSSIBLE

NOTIFY BUILDING EMERGENCY
DIRECTOR AND

PATROL OPERATION CENTER

IMPLEMENT THE CONTINGENCY PLAN
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FIGURE G-2
OVERVIEW OF THE EMERGENCY PLAN OF ACTION
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5. The POC, while in contact with the AED, will contact and deploy the

necessary off-plant personnel, such as the Fire and Security Department

personnel.

6. The Security Department will set up roadblocks within the plant to route

traffic away from the emergency scene.

7. The emergency medical technicians will remove injured personnel to a safe

location, apply first aid, and prepare for transport to the Medical

Department or Kadlec Hospital. A nurse will be on standby at the medical

facility during the day shift.

8. The Hazardous Materials Response Team will contain the spill. If
possible, vapors will be contained by vapor-suppressing foam. The

Hazardous Materials Response Team'will ensure that spilled material is
properly collected and disposed of, and that no spilled material enters
the storm drain system. These personnel will be equipped with proper

protective equipment, such as Scott air paks.

9. The Hanford Fire Department Hazardous Materials Response Team will ensure
that any flammable liquid spills do not ignite. In the event a fire

results, the Hanford Fire Department will control the fire using water,

foam and powders, as necessary.

10. All emergency equipment will be cleaned and fit for its intended use

immediately after cleanup procedures are complete.

If the spill results in the formation of a toxic vapor that is released to the

atmosphere, the plant-wide evacuation alarm will be sounded. Information on

alarms and communication equipment can be found in Section G-5e.

G-1 3
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G-4d(2) Fire or Explosion

The following actions will be taken in the event of a fire or explosion.

1. The discoverer of the fire should immediately extinguish the fire, with

help from others, if it can be done safely.

2. If the fire cannot be safely and immediately controlled, the discoverer

should activate the emergency alarm and then call the Patrol Operations

Center (POC) at 811. Provide as much information as possible without

personal risk. Calling the POC on 811 will cause the following

individuals/organizations to be notified without any further action on

the part of the caller, i.e., the POC will handle all notifications, as
follows:

o Patrol Management

o The Hanford Fire Department Hazardous Materials Response Team

o UNC Single Point of Contact (3-3333)

o DOE-RL Safety Duty Officer

o DOE-RL Security Duty Officer

o Pacific Northwest Labs (PNL) Exposure Evaluator

3. Notify the BED, who will proceed directly to the scene.

4. Upon notification of. emergency, all personnel will be evacuated away from

the affected building.

5. The BEDs are responsible for accounting for all employees of their
buildings.

6. If the emergency warrants, personnel will be evacuated from the 100-KE

Area by emergency signals and voice announcements over the PAX from the

1722-K office.

7. The discoverer should immediately locate his BED and give details of the

situation.
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8. The Hanford Fire Department Hazardous Materials Response Team will

immediately proceed to the affected area.

9. The BED and/or the discoverer of the fire will relay pertinent informa-

tion to the Hanford Fire Department Hazardous Materials Response Team.

10. The Security Department will be responsible for setting up roadblocks

within the plant and the emergency medical technicians (EMTs) for first

aid assistance.

11. Under direction of the BED/EAC, the Fire Captain and the Fire Department

will initiate actions necessary to control the fire.

12. The plant nurse will be contacted, and will man the emergency phone or

report to the scene as required.

13. The EMTs will remove injured personnel to a safe location, apply first

aid, and prepare for transport to the Medical Department or Kadlec

Hospital.

14. The seriously injured will be transported to the plant medical facility

or Kadlec Hospital for medical treatment.

15. After the fire or explosion has been extinguished and no threat to human

health exists, the BED at the scene, with concurrence from the AED, will

announce the "all clear" signal.

16. All equipment used in the emergency will be cleaned and fit for use after

cleanup procedures are complete.

The initial response to any emergency will be to protect human health and

safety and then the environment. Identification, containment, treatment, and

disposal assessment will be secondary responses.
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Stabilization of nonradioactive hazardous materials spill/incidents -beyond the

capacity of the facility personnel will be performed by the Hanford Fire

Department Hazardous Materials Response Team. The Hanford Fire Department

Hazardous Materials Response Team consists of four Hanford Fire Department

personnel (one team leader and three fire fighters). Team members are trained

to identify and control unplanned releases of hazardous materials, as

practicable, using equipment specifically designed for hazardous material

response. Upon arrival at the spill/incident scene, the Hazardous Material

Response Team Leader will be briefed by the Fire Department officer-in-charge.

The Hanford Fire Department officer-in-charge shall be the primary contact for

all activities conducted at the scene during stabilizations. The Hanford Fire

Department shall remain in a standby mode at the scene should assistance be

required. Appendix F of the report located in Appendix G-1 describes training

requirements for the Hazardous Materials Response Team.

The goals of the Hazardous Materials Response Team are to:

o Identify materials involved - Environmental and Occupational Safety (UNC)

will be contacted to provide technical expertise on the incident material.

o Contain materials involved - Damming or diking of large spills will be

accomplished with the use of available equipment.

o Neutralize materials involved - Applicable materials will be neutralized if

it is necessary to expedite safe cleanup.

o Provide guidance for cleanup operations - Cleanup operations will be

provided by the responsible facility personnel, if possible.

o Provide formal documentation of incident.

The following information should be considered by the EAC in the event of a

hazardous material spill/incident.
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Event

Stress

Breach

Release

Engulfment

Impingement

Harm

Event Categories

Thermal, Mechanical,
Chemical

Consumption (catastrophic,
disintegration), cracking,
punctures, splits, tears

Liquid or vaporous flow
(steady, pulsating,
diminishing)

Hemispherical, spherical,
conical, plume, circular,
stream, irregular

Transient, lingering,
permanent

Thermal, chemical,
mechanical, asphyxiation,
etiological

Action Options

Influence applied stress -
move stressed system, shield
stressed system, redirect
impingement

Influence breach size -
activate venting devices,
chill contents, limit stress
level

Influence quantity size -
change container position,
minimize pressure differential,
cap off breach

Influence size of danger zone -
erect dikes or barriers, dilute,
initiate controlled ignition

Influence exposures impinged -
provide shielding, begin
evacuation

Influence severity of injury -
rinse off contaminants, increase
distance from source, provide
shielding

G-4e Prevent ion of Recurrence

The BED/EAC is responsible for taking all necessary steps to ensure that a

secondary release, fire, or explosion does not recur after the initial

spill/leak incident. Procedures that will be implemented include:

o Immediate shutoff of flow or addition of waste into the waste treatment

system;

o Inspection of the waste treatment system for leaks or cracks and stop the

leak;

o Contain any surface leakage which has occurred;
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o Isolation of residual waste materials and/or empty the waste treatment.
system if the leak cannot be stopped;

o Notification of the Department of Ecology in writing within 7 days after

detecting the problem; and

o Reactivation of adjacent operations only after all cleanup of residual
waste materials is achieved.

G-4f Storage and Treatment of Released Material

Immediately after an emergency, the BED (with support from the Hazardous

Materials Response Team) will make arrangements for treatment, storage or
disposal of recovered waste, surface water, or any other contaminated

material. The BED will deploy and utilize any emergency equipment that he

deems necessary to carry out these tasks.

The Environmental Protection Group is responsible for assuring that all

cleanup materials/debris are properly identified according to WAC 173-303
dangerous waste designation procedures. This will occur as soon as possible

once the emergency situation has ended to allow for proper treatment, storage

or disposal of the material. The BED is responsible for obtaining all the

necessary information required by the Environmental Protection Group to make a

designation determination.

Wastes which are designated as "Extremely Hazardous Waste" or as "Dangerous

Waste", will be transported to the appropriate waste storage facility and

properly dispositioned. The UNC Radiological Services Group is responsible
for disposal requests for all hazardous wastes generated at 100-KE Area.

Immediately upon scene stabilization, cleanup procedures will be implemented.

These will include:

o Small spills will be treated with absorbent material and the residue packed
in drums for disposal.
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o All chemically contaminated equipment and debris will be thoroughly cleaned
-and contained for disposal.

o At all times, efforts will be made to segregate incompatible wastes during
cleanup operations.

o The BED/EAC has the responsibility to make cleanup arrangements.

o The containment system evaluation and repair plan shall be activated.

The containment system evaluation and repair plan commences after the draining

of the waste treatment system via visual inspection. Repair of any leaks

shall be made as necessary. After proper repair, the waste treatment system

will be filled with clean water and monitored for 12 hours for leaks. After

verification that the leak has been repaired, the repairs will be certified by
a qualified professional engineer as meeting the design specifications of the

waste treatment system.

G-4g Incompatible Waste

Incompatible wastes are not treated in the 1706-KE Waste Treatment System.
The BED at the scene will ensure that within the area affected by the

spill/fire, no additional waste that may be incompatible with the released

material is treated, stored or disposed of until all cleanup procedures are

completed.

G-4h Post-Emergency Equipment Maintenance

All equipment used during scene stabilization and cleanup operations will be

decontaminated and readied for future use. All persons involved in the

cleanup will shower and remove any contaminated clothing as necessary. Fire

extinguishers will be recharged and expended supplies will be replaced.

It will be the responsibility of the Building Emergency Director at the scene

to ensure that all equipment is cleaned and fit for its intended use prior to

the resumption of operations at the affected facility. Depleted stocks of
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neutralizing laboratory materials will be replenished, self-contained

breathing apparatus cleaned and refilled,'protective clothing cleaned, etc.
This action should be completed in total prior to the resumption of operations
at the facility.

G-4i Container Spills and Leakage

There are limited containers at the TSD facility. Condensate tank water will

be containerized in 55 gallon DOT Spec 17H drums in an adjacent room until
analytical results verify that release parameters have been met (see Waste
Analysis, Section C).

G-4j Tank Spills and Leakage

There are two tanks at the TSD facility, the 750 gallon waste storage tank and

the 70 gallon process condensate tank. Procedures for the identification,

hazard assessment, spill control, and treatment of spilled material and post-
emergency cleanup of waste treatment system spills and leakage are contained

in Section G-4b through G-4h.

G-4k Waste Pile Spills and Leakage

There are no waste piles at the TSD facility; therefore, this section is not
applicable.

G-41 Surface Impoundments Spills and Leakage

There are no surface impoundments at the TSD facility; therefore, this section
is not applicable.

G-4m Incineration Spills and Leakage

There are no incinerators at the TSD facility; therefore, this section is not

applicable.

G-4n Land Treatment System

There are no land treatment systems at the TSD facility; therefore, this

section is not applicable.
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G-5. EMERGENCY EQUIPMENT

The locations of emergency equipment which can be utilized in the event of an
emergency at the 1706-KE Waste Treatment System TSD facility are discussed in
Appendix G-2. The locations of emergency services at Hanford are shown in
Figure G-3.

G-6 COORDINATION AGREEMENTS

The presence of more than one DOE contractor on the Hanford Site allows for
the mutual sharing of emergency equipment and personnel. All contractors have
sufficient familiarity with the operations of each other to be of assistance
with a minimum of direction. In addition to the emergency equipment, supplies
and personnel described in Section G-5, the following services are on-call at
the discretion of the Area Emergency Director or of DOE-RL.

Pacific Northwest Laboratory (PNL)

Single Point of Contact - The PNL Exposure Evaluator on 376-2222 fulfills the
single point of contact role for PNL.

Atmospheric Sciences, Technical Support (373-2710 or 373-2716) - The PNL
forecaster is available 24 hours a day and will provide, upon request, the
current wind speed and direction at the accident site and indicate possible
affected areas. The forecaster will also provide stability and mixing layer
information upon request. The contractor who experienced the event is
required to provide the location, the time, and the amount of chemical from
the release. After receiving this information, the forecaster will call back
within 15 minutes and give the event contractor's representative the following
information:

o Estimated time of arrival of the-plume at the affected areas.

o Estimated concentration of the affected areas, based upon normalized
release rates and meteorological models (Mesoscale diffusion model).
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The source of the release, the time of the release, the current and forecasted

mixing level, and the stability information are put into the model, as well as.

the current and forecasted wind conditions. The output from this information

is a series of maps showing contou rs of concentration. From these maps the
direction of the plume is determined. This information will be updated at
30-minute intervals as long as it is needed. .

Unified Dose Assessment Center (376-7365) - The Unified Dose Assessment Center

(UDAC), which is located in the Federal Building, Room G-45, adjacent to the

DOE-RL-ECC will be set up upon activation of the DOE-RL-EACT.

The primary purpose of the UDAC is to provide environmental and dosimetry
evaluations and consultation services in the areas of industrial hygiene,
biology, radiation monitoring, and meteorology.

The UDAC's responsibilities include:

1. Assessing the consequences of accidents or events on the Hanford Site

having potential onsite and/or offsite consequences.

2. Making recommendations for coping with recovery from such an event.

The PNL maintains a staff of selected expert technical personnel to provide
DOE-RL with advice on these matters.

Hanford Environmental Health Foundation (HEHF) (376-6414 Day or 373-1603 Night)
The Hanford Environmental Health Foundation (HEHF) provides emergency medical

and industrial hygiene services and maintains exposure histories for DOE-RL
and the Hanford contractors. The HEHF emergency directors are responsible for

coordinating these emergency actions and assuring that all necessary measures
are employed by HEHF to handle medical and industrial hygiene services in
emergency situations affecting Hanford. The HEHF will respond to requests for

radiological assistance from offsite (local hospitals). The HEHF Procedures

are contained in the HEHF Emergency Preparedness Guide.
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Medical and administrative personnel are responsible for staffing the EDC and
keeping it in a state of readiness for emergencies.

Kaiser Engineers - Hanford (KEH) (376-7297 Daytime, Home: A. L. Lindsey

627-1793)

The Hanford Site construction services contractor is Kaiser Engineers -
Hanford (KEH). They maintain a large inventory of heavy equipment and trained

equipment operators. Both equipment and personnel may be utilized in

large-scale surface decontamination, emergency repairs in radiologically
controlled areas, and in fire suppression support.

UNC Nuclear Industries (UNC)

Single Point of Contact - for UNC is 373-3333.

UNC maintains a single point of contact in the 105-N Control Room. This

single point of contact has the ability to contact responsible

personnel/organizations on a 24 hour/day, 7 day/week basis. Additionally, the

100-KE Shift Manager is the Area Emergency Director who provides continuous

emergency service for the 100-KE Area in general.

Westinghouse Hanford Company (376-5000 Single point of contact)

The Westinghouse Hanford Company operates an ECC in Room B-2, 3701-0 Building,

300 Area, in the 300 Area Patrol Headquarters. For further information, see

WHC MG-30 Emergency Preparedness Guide, Emergency Facilities and Equipment.

U. S. Department of Energy - Richland Operations (373-3800 Single point of

contact)

The DOE-RL Emergency Control Center is located in Room G-45, which is in the

secured area of the Federal Building, Richland, Washington. The DOE-RL ECC is

located in close proximity to the assigned staff personnel, the RL

Communications Center, and additional office space.
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The DOE-RL ECC is equipped with telephones, radios, emergency plans, maps,
status board, and a 20-channel tape recorder. It is also .equipped with an
emergency power generator routinely serviced by GSA in the event of loss of
primary power.

Kadlec Hospital (946-4611)

Kadlec Hospital is a fully equipped American Hospital Association Certified
General Hospital that can treat both radioactive contaminated and
noncontaminated cases. Kadlec has Emergency Room service with a Resident
Physician available at all hours.

Emergency Decontamination Center (748 Building) (376-6292)
The Emergency Decontamination Center has the capability for body wash and has
two decontamination surgical cells. The center also has special decontamina-
tion litter with hoist and monorail. The EDC, which is adjacent to the Kadlec
Hospital in Richland, is available with unique equipment for performing
surgery on severely contaminated injured persons. Hospital service is also
available at Kadlec Hospital.

NOTE: Emergency power to the EDC will be supplied by a diesel generator
provided to the facility by Rockwell Maintenance and Transportation
Department. Requests for this equipment should be made to Rockwell via
the Bus Dispatcher on 376-7266.

Other Organizations

The DOE-RL has formal agreements with Yakima Valley Memorial Hospital,
Yakima, Washington; Kennewick General Hospital, Kennewick, Washington; and
Our Lady of Lourdes Hospital, Pasco, Washington to provide backup medical
assistance. The DOE-RL has a mutual. aid agreement with the Washington Public
Power Supply System (WPPSS) and the City of Richland for providing backup
ambulance service. The City of Richland has mutual aid agreements with Pasco
and Kennewick to provide additional ambulance, fire, and law enforcement
services.
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G-7 EVACUATION PLAN

Evacuation routes for the 1706-KE TSD facility have been mapped out and are

shown in Figure G-4. Basically, the AED gives preliminary evacuation

instructions to the Personnel Control Director (PCD) for facility personnel to

proceed to one of the five alternate staging areas. Final evacuation and

response instructions are then provided as to proper evacuation routes based

on plume evaluation and weather data.

All UNC staff facilities have evacuation plans which include emergency signal

identification, staging area location and, if required, plans for the use of

the standby evacuation buses. This information can be found in UNI-M-2 VOLl

and VOL2 and excerpts are reproduced below.

Present Siren Coverage

Two siren signals are currently in use:

1. Steady sirens are activating to inform personnel that an alert/evacuation

is occurring. People are required to meet at their assembly area(s) for

instructions upon hearing the steady siren.

2. A wailing siren signal requires people to stay under cover. This siren

may be used to protect personnel from radioactive fallout, hazardous

material releases, adverse weather, etc.

Messenger/Mobile Contact

In the event the telephone communication systems fail, a mobile Patrol unit

can be pressed into service to either-deliver messages or establish radio

contact with any building on the Hanford Site.

Staging Areas

The 1706-KE Waste Treatment System staging area is the same as for the 1706-KE

Building and is located at the entrance to the 100-KE Area.
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Evacuation Buses

Evacuation buses shall be provided to transport plant personnel away from work
places under the following emergency conditions:

1. Local disasters such as a nuclear excursion where immediate, short
transport distance is required.

2. Any disaster where movement of personnel away from the 100 Areas is

required.

3. Enemy attack - take personnel to best available cover or transport to
1100 Area bus lot if time allows.

Responsibilities - Manager, K Area Operations. The Manager, K Area

Operations, shall be responsible for assuring trained bus drivers are assigned

sufficiently to move all buses on day shift and .to move all employees on other

shifts. A listing of qualified drivers shall be maintained, with their

location, and forwarded to Emergency Planning annually.

Responsibilities - Bus Drivers. Bus drivers shall start and warm up their

buses once each month; inspect bus for mechanical defects, complete a Monthly
Inspection Report and forward it to Emergency Planning with a copy to the

Manager, K Area Operations. Mechanical trouble shall be reported immediately

to EP, telephone 373-2241. Buses needing cleaning shall be reported to
Emergency Planning to schedule cleaning.

Each driver shall make a practice run two times per year to maintain

familiarity with bus operation. Observe all traffic rules such as signals,

stop signs, rail crossings, etc. during practice. Complete and submit a

Monthly Inspection Report to Emergency Planning for filing. A file shall be

kept for each bus.

Maintenance. Periodic cleaning and mechanical maintenance for evacuation

buses at 1100 Area shops shall be provided by the Maintenance Department.
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Location of Evacuation Buses. Buses are stationed at the 100-K limited area

and main parking lot.

G-8 REQUIRED REPORTS

This section delineates UNC's statutory responsibility for the reporting of

any hazardous waste incidents. UNC is aware of these reporting requirements

and will prepare and submit the required reports.

Emergency incident reports will be submitted

agencies within 15 days of the occurrence of

include the following:

to appropriate state and federal

an emergency. The report shall

Name, address and phone number of the facility owner/operator

Name, address and phone number of the facility

Date, time and type of incident

Name of material(s) involved

Quantity of material(s) involved

Extent of injuries, if any

Assessment of actual or potential hazards to human health or the

environment

Estimated quantity and disposition of material recovered from the

incident

Records which identify the time, date and details of an emergency incident

will be kept on file in the UNC Office of Emergency Planning in the files of

the UNC Department responsible for the operation of the facility involved, and

at the DOE-RL office in the Richland Federal Building. Additional copies

would be made available to other interested parties.
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49 CFR 171.15 Immediate Notice of Certain Hazardous Materials Incidents

a) At the earliest practicable moment, each carrier who transports hazardous

materials (including hazardous wastes) shall give notice to DOE-RL

(373-3800) in accordance with paragraph (b) of this section after each
incident that occurs during the course of transportation (including

loading, unloading and temporary storage) in which as a direct result of

hazardous materials:

1. A person is killed.

2. A person received injuries requiring his hospitalization.

3. Estimated carrier or other property damage exceeds $50,000.

4. Fire, breakage, spillage, or suspected radioactive contamination

occurs involving shipment or radioactive material (see also 174.45,
175.45, 176.48, 177.807 of this subchapter).

5. Fire, breakage, spillage, or suspected contamination occurs involving

shipment of etiologic agents.

6. A situation exists of such a nature that, in the judgment of the

carrier, it should be reported in accordance with paragraph (b) of

this section, even though it does not meet the criteria of paragraph

(a) (1), (2), or (3) of this section; e.g., a continuing danger of
life exists at the scene of the incident.

b) Each notice required by paragraph (a) of this section shall be given to

DOE-RL (373-3800) who will notify the Department of Transportation by

telephone (toll-free) on 800-424-8802 or (toll call) on 202-426-2675.
Notice involving etiologic agents may be given the Director, Center for

Disease Control, U. S. Public Health Service, Atlanta, Georgia, Area Code

(404) 633-5313, in place of the notice to the Department. Each notice

must include the following information:

G-30

1706 -KE



4/24/87, Rev. 0

1. Name of reporter.

2.. Name and address of carrier represented by reporter.

3. Phone number where reporter can be contacted.

4. Date, time and location of incident.

5. The extent of injuries, if any.

6. Classification, name and quantity of hazardous materials involved, if

such information is available.

7. Type of incident and nature of hazardous material involvement and

whether a continuing danger to life exists at the scene.

c) Each carrier making a report under this section shall also make the report
required by 49 CFR 171.16.

WASHINGTON STATE ADMINISTRATIVE CODES

WAC 173-303-145 Spills and Discharges Into the Environment

Any person who is responsible for a nonpermitted spill or discharge shall

immediately notify the individuals and authorities described for the following

situations:

a) For spills or discharges onto the ground or into groundwater or surface

water, notify all local authorities in accordance with the local emergency

plan. If necessary, check with the local emergency service coordinator

and the fire department to determine all notification responsibilities

under the local emergency plan. Also notify DOE-RL (373-3800) who will

contact the appropriate regional office of the Department of Ecology.
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b) For spills or discharges which result in emissions to the air, notify all
local authorities in accordance with the local emergency plan. If
necessary, check with the local emergency service coordinator and the fire
department to determine all notification responsibilities under the local
emergency plan. Also notify DOE-RL (373-3800) who will contact the
appropriate regional office of the Department of Ecology (Yakima -
575-2490).

CERCLA/WDOE NOTIFICATION PROCEDURES

In the event that a chemical release exceeds the CERCLA or WDOE reportable
quantities (RQ) amount, data regarding the release will be compiled on the

CERCLA/WDOE Hazardous Substance Release Report and Telephone notifications

made within 24 hours of knowledge that a release has occurred. Contact the
Environmental Protection Group (3-3639) if there is any question as to whether
the release exceeds the RQ amount. The release report (Attachment B), will be

prepared as follows:

o Copy information, if known, regarding substance name, composition, weight
percent of constituents, and specific gravity or weight. Add other

information that may be available to characterize the nature of the release.

o Enter name of facility and location of release.

o Enter quantity of release and exact point (e.g., tank number) of release.

o Enter cause (e.g., spill, overflow, pump leak).

o Enter time, date, and duration of release.

o Enter location that spill has drained to (e.g., floor of 1706-KE Building).

o Enter extent of injuries, damage, and approximate value of chemicals lost.
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o Describe immediate corrective actions (e.g., lock and tag valve, repairs).
Indicate whether an Off-Normal or Unusual Occurrence report is being
initiated.

o Describe long-term actions that could or will be needed to prevent similar
events in the future (e.g., procedural changes, equipment modifications).

o Provide name and telephone number of person delegated the responsibility to

obtain and provide additional information that will be required.

o Plant Operations shall initiate telephone contact with the Department of

Energy, Richland Operations Office (DOE-RL) SQA Duty Officer upon

identification of the above information and record time and date of contact

on the release report. Although the officer on duty and the telephone

number changes weekly, the correct telephone number can be obtained from

the Hanford Patrol Operations Center on 3-3800. The DOE-RL is responsible

for contacting the National Response Center by telephone.

o Plant Operations shall initiate telephone contact with the following UNC
personnel, and record time and date of contact on the release report.

Work Number Home Phone Name Organization

3-2245 586-9767 E. M. Greager Manager, Environmental Protection
---- ---- Plant Manager, if applicable

o Transmit original copy of report to the Manager, Environmental Protection,

1145-N/100-N. The Environmental Protection Manager will submit written

notification to DOE-RL within seven days of the release.

WP# 9141A
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TABLE G-1 .

RADIO NETWORKS AND RADIO PAGING SYSTEM OPERATIONS

o Plant Radio Nets

- Patrol - KKE624

- Fire - KFW660

- Transportation and Electrical Utilities - KRF249

- Atmospheric Physics, Radiation Monitoring and 200 Area

Maintenance - KGB513

- DOE Alpha Net (controlled by DOC)

- Hanford Emergency and Safety Net - KOB743

o Off-Plant Radio Nets

- Washington State Patrol - K0A417

- Benton County Sheriff - KON785

- Richland Police - WOM20

- Kennewick Police - KGX42
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APPENDIX G-1

100 AREAS HAZARDOUS MATERIAL/WASTE CONTINGENCY PLAN
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100 AREAS HAZARDOUS MATERIAL/WASTE CONTINGENCY PLAN

INTRODUCTION

Hazardous materials are transported, used and stored in the 100 Areas of the

Hanford Site. These materials are used to support nuclear production, waste

processing, research and engineering programs, power generation and site

services activities conducted within the Hanford Site. The type of hazardous

materials required to support such diverse activities include explosives,

compressed gases, flammable and combustible fluids, flammable solids,

oxidizers and organic peroxides, toxic materials, reducing agents and

corrosives. Shipments of these materials via truck and railcar have been made

routinely in the past and will most likely continue well into the future. In

the event of an unplanned release of these hazardous materials, a mechanism

for prompt, orderly response must be in place to ensure minimal impact on

personnel, property and the environment. In addition, hazardous wastes are

stored and disposed of in the 100 Areas. The types of waste managed parallel

hazardous materials used on the Hanford Site.

PURPOSE

The primary objective of this plan is to provide a series of response actions

which will act to minimize the adverse effects of any hazardous material/waste

that is accidentally released. Additionally, this plan identifies and

describes supplemental information to support the primary objective as follows:

o Hazardous material storage locations

o Hazardous material transportation data

o Expertise contact list

o Response team equipment

o Response team training requirements

o Cleanup equipment

o Regulatory notification requirements
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SCOPE

This plan provides primary coverage for all areas within the boundaries of the

Hanford Site that do not have existing emergency plans for hazardous material/

waste response. In addition, this plan provides supplemental coverage for

plants and other locations that have existing response plans for handling

hazardous material/waste emergencies.

This plan addresses response to hazardous nonradioactive material/waste and

hazardous radioactive mixed waste emergencies only. Response to emergencies

involving strictly radioactive materials is covered in other documents.

RESPONSIBILITIES

The Hanford Site Services Contractor is responsible for procuring, handling

and transporting hazardous materials to Hanford Site customers. The charter

for hazardous waste storage and disposal, fire suppression and rescue, law

enforcement and traffic control is maintained by the site services contractor.

Specific responsibilities for emergency response within UNC/Rockwell are

assigned as follows:

Activity

o Initial accident response

o Scene stabilization

o Technical expertise

o Cleanup

o Scene Security

Responsible Organization

o Building occupants, Hanford Fire
Department; Radiation and Water
Quality Control (R&WQC)

o Hanford Fire Department Hazardous
Materials Response Team

o Environmental Protection

o Building occupants, Rockwell/UNC
Decontamination and Decommissioning
(D&D) Operations Group, Road & Track
Maintenance Department

o Hanford Patrol
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Supplemental coverage to plants by outside organizations (i.e., Hanford Fire

Department Hazardous Material Response Team, D&D Operations, etc.) will be

provided only when the plant Building Emergency Director (BED) has determined

that the emergency exceeds existing plant response capabilities.

OTHER NOTIFICATIONS

State and federal law (Appendix C) requires that the Department of Energy,

Richland Operations Office (DOE-RL) make the following notifications in the

event of a spill/incident involving hazardous material/waste. Immediate

notifications are as noted.

o For spills or discharges onto the ground or into ground water or surface

water, and into the atmosphere (WAC 173-303-145):

o Washington State Department of Ecology
Industrial Selction
Olympia, WA
(206) 459-6031

o U. S. EPA
Emergency Response and Removal Section
(206) 442-2163

o For spills or discharges occurring during transport (WAC 173-303-270):

o Washington State Department of Ecology
Industrial Section
Olympia, WA
(206) 459-6031

o U. S. EPA
Emergency Response and Removal Section
(206) 442-2163

o Generator of spilled material(s) (Immediate)

o National Response Center, if required by Federal Regulation 49CFR 171.15

(Immediate)

Phone: (800) 424-8802 or (202) 426-2675
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o Also report in writing, as required by Federal Regulation 49CFR 171.16,
to the:

Director, Office of Hazardous Materials Regulations
Materials Transport Bureau
Department of Transportation
Washington, D.C. 20590

o For any spills or discharges which occur within or pose a threat to a

municipality:

o City and county officials that may be affected (Immediate)

o Above notifications, as applicable

Patrol Operations Center (POC)

The POC shall relay this information to:

o Area Emergency Director

o. Patrol Management

o Hanford Fire Department Hazardous Materials Response Team

o Radiation and Water Quality Control (R&WQC)

o DOE-RL- Safety Duty Officer

o DOE-RL Security Duty Officer

o PNL Exposure Evaluator

Building Emergency Director (BED)

The following actions should be considered in the event of a hazardous

material/waste spill/incident:

[ ] Notify facility personnel.

[ ] Evacuate immediate area.

[ ] Call 811. Assure that Hanford Fire Department Hazardous Materials

Response Team has been notified. Relay pertinent information. Request

additional assistance as required.
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[ ] Contact R&WQC if radiological hazards are involved.

[ ] Instruct plant personnel to carry out emergency/shutdown assignments as

directed.

[ ] Account for facility personnel. Report unaccounted/missing personnel to

the Area Emergency Director or 811.

[ ] Implement specific facility response actions as listed in the UNC
Emergency Plan, UNI-M-2 VOLs 2-4.

[ ] Notify the Communications and Public Affairs and the affected Department

managers.

[ I Provide assistance to Hazardous Materials Response Team and other outside

support organizations as requested.

[ ] For spills or discharges over the CERCLA/WDOE reportable quantity,
contact Environmental Protection.

[ ] Notify cleanup organizations as required.

Hanford Fire Department

The Hanford Fire Department can supply a wide variety of equipment and trained

personnel to support initial response efforts. The resources and capabilities

of the Hanford Fire Department are listed in Appendix I. In the event that a

spill/incident cannot be stabilized by the Hanford Fire Department, the

officer-in-charge can request the Hazardous Materials Response Team.

Spill/incidents which involve mixed chemical and radiological hazards require

the following supplemental information:
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o In any situation where a high radiation field may be encountered and a

Radiation Protection Technologist is not yet present, firefighters shall

make initial precautionary radiation measurements using their HPCs (high-

range survey instruments). The following limits apply:

To save a life

o 100 rem total individual dose

o No pregnant females

o Volunteers only

To reduce a serious hazard that threatens worker or public health or large

property loss

o 25 rem total individual dose

Generally, high radiation fields will not be encountered. However,

measurements should be taken as a -precaution for any incident involving a

waste tank car or cask car from either the 100 Area or the 300 Area.

o The Radiation Protection Technologist(s) will set up the radiation/

contamination control zone and will survey emergency personnel and

equipment out of the zone. These actions will be coordinated through the

Hanford Fire Department officer-in-charge at the scene.

o Clothing and equipment used by firefighters for protection against

hazardous chemicals is also adequate for protection against airborne

radioactive contamination.

Rockwell Utilities & Telecommunications/Utilities Maintenance

The Rockwell Utilities Maintenance Group is prepared to provide manpower,

protective clothing, cleanup equipment and technical expertise in support of a

spill/incident which involves Polychlorinated Biphenyls (PCBs). Table C lists

points of contact for the Utilities & Maintenance Group.
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SCENE STABILIZATION

Hazardous Materials Response Team

Stabilization of hazardous materials/waste spills/incidents beyond the
capacity of the Hanford Fire Department will be performed by the Hazardous

Materials Response Team. The Hanford Fire Department Hazardous Material
Response Team will consist of four Fire Department personnel (one team leader

and three firefighters). Team members are trained to identify and control

unplanned releases of hazardous materials, as practicable, using equipment
specifically designed for hazardous material response. Upon arrival at the

spill/incident scene, the Hazardous Material Response Team leader will be
briefed by the Hanford Fire Department officer-in-charge. The Hanford Fire

Department officer-in-charge shall be the primary contact for all activities

conducted at the scene during stabilizations. The Hanford Fire Department

shall remain in a standby mode at the scene should assistance be required.

Appendix A describes training requirements for the Hazardous Materials

Response Team.

The goals of the Hazardous Materials Response Team are to:

o Identify materials involved - Environmental Protection will be contacted to
provide technical expertise on the incident material.

o Contain materials involved - Damming or diking of large spills will be

accomplished with the use of available equipment.

o Neutralize materials involved - Applicable materials will be neutralized if
it is necessary to expedite safe cleanup.

o Provide guidance for cleanup operations - Cleanup operations will be
provided by the Rockwell/UNC Decontamination and Decommissioning Operations

Group and/or the Rockwell Road and Track Maintenance Department.

Appendix B lists emergency equipment that will be available in a proposed

Emergency Response Vehicle for use by the Hazardous Materials Response Team.
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o Provide formal documentation of incident.

The following information should be considered in the event of a hazardous

material/waste spill/incident.

Event

Stress

Breach

Release

Engulfment

Impingement

Harm

Event Categories

Thermal, Mechanical,
Chemical

Consumption (catastrophic,
disintegration), cracking,
punctures, splits, tears

Liquid or vaporous flow
(steady, pulsating,
diminishing)

Hemispherical, spherical,
conical, plume, circular,
stream, irregular

Transient, lingering,
permanent

Thermal, chemical,
mechanical, asphyxiation,
etiological

Action Options

Influence applied stresses -
Move stressed system, shield
stressed system, redirect
impingement

Influence breach size -

Activate venting devices,
chill contents, limit stress
level

Influence quantity size -
Change container position,
minimize pressure differential,
cap off breach

Influence size of danger zone -

Erect dikes or barriers,
dilute, initiate controlled
ignition

Influence exposures impinged -

Provide shielding, begin
evacuation

Influence severity of injury -

Rinse off contaminants,
increase distance from source,
provide shielding

Upon completion of stabilization/neutralization activities, the Emergency

Action Coordinator shall contact the cleanup organization assigned to the

involved area for removal of contaminated soil and other materials.

CLEANUP PROCEDURES

Immediately upon scene stabilization, cleanup procedures will be implemented

by the assigned organizations. These actions include the following:
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o Small spills will be treated with absorbent material and the residue packed

in drums for disposal.

o Leaking drums will be placed in overpack drums.

o All chemically contaminated soils and cleanup debris will be thoroughly

cleaned up and contained for disposal.

o At all times, efforts will be made to segregate incompatible wastes during

cleanup operations.

o All response equipment will be decontaminated, restocked or disposed of

properly.

For Spills/Incidents in the 100 Area

The Rockwell/UNC Decontamination and Decommissioning Operations Group shall

provide manpower and equipment for use in the cleanup of hazardous material/

waste spills/incidents within the 100 Area. Requests for Rockwell/UNC

Decontamination and Decommissioning Operations services can be made as follows:

o 373-4329

For Spills/Incidents Involving Polychlorinated Biphenyls (PCBs)

Special procedures, trained personnel and equipment are required for cleanup

of a spill/incident which involves PCBs. The Rockwell Utilities Maintenance

Group shall provide these services and can be contacted as follows:

o 373-2320 (24-hr dispatcher)

POST EMERGENCY PROCEDURES

Post-emergency procedures are designed to prevent recurrence of the incident,

to facilitate cleanup and disposal of residuals, and chemical decontamination

of equipment.
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Prevention of Recurrence

The BED is responsible for taking all necessary steps to ensure that a

secondary release, fire, or explosion does not recur after .the initial spill/

incident. Procedures that will be implemented may include:

o Inspection of containment for leaks or cracks

o Inspection for gas generation

o Isolation of residual waste materials

o Reactivation of adjacent operations only after all cleanup of residual

waste materials in achieved.

Treatment, Storage, or Disposal of Released Material

The Radiological Services group is responsible for assuring that all cleanup

materials/debris is properly identified according to WAC 173-303 dangerous

waste designation procedures. This will occur as soon as possible once the

emergency situation has ended to allow for proper treatment, storage or

disposal of the material. The BED is responsible for obtaining all the

necessary information required by Radiological Services to make a designation

determination.

Hazardous waste which are designated as "Extremely Hazardous Waste" or as

"Dangerous Waste", will be transported to the Nonradioactive Dangerous Waste

Storage Facility and properly dispositioned offsite to a commercial treatment

or disposal site. The Rockwell Process Engineering Department is responsible

for disposal requests for all hazardous wastes generated on the Hanford Site.

Equipment Chemical Decontamination and Maintenance

All equipment used during scene stabilization and cleanup operations will be

decontaminated and readied for future use. All personnel involved in these

activities will shower and remove any contaminated clothing as necessary.

Fire extinguishers will be recharged, and equipment will be replaced.
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TABLE A

BULK SHIPMENTS OF

NONRADIOACTIVE HAZARDOUS MATERIALS

ROUTINELY RECEIVED AT HANFORD SITE

Material Delivery Rate

Ammonium Hydroxide

Chlorine

Helium

Morpholine

Sodium Hydroxide

Sulfuric Acid

#6 Fuel Oil

Diesel Oil

6/year

4/year

28/year

1/year

14/year

10/year

68/year

20/year

- Amount per
Delivery*

30 Tons

15 Tons

300,000 CFT

920 Lbs.

47 Tons

50 Tons

65,000 Gal.

24,000 Gal.

Transport

Truck

Truck

Rail

Truck

Truck/Rail

Truck/Rail

Truck

Truck
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TABLE C

EXPERTISE CONTACT LIST

The following personnel may be contacted for expert consultation during
emergencies involving hazardous materials:

UNC

Environmental Protection

Work Phone

B. L. Vedder
L. A. Garner
E. M. Greager

376-8903
373-3639
373-2245

Home Phone

946-1114
946-2365
586-9767

Radiological Services

Work Phone

J. R. Cooper
L. L. Crass

373-4939
373-3127

Home Phone

1-452-6467
946-0487

Polychlorinated Biphenyl (PCB) Assistance

Rockwell Electrical Dispatcher - 373-2320 (24-hours)

HANFORD ENVIRONMENTAL HEALTH FOUNDATION (HEHF)

Environmental Health

Name

L. J. Maas
D. E. Anderson

Work Phone

376-7040
376-7355

Home Phone

586-0697
547-5118

Medical

Phone Number

373-1603
376-3303

Department of Energy - Richland Operations

Name

P. J. Krupin
L. Musen
POC

Work Phone

376-9989
376-1610
373-3800

Home Phone

783-0752
783-5093

Chemical Emergency Information - Chemtrec

(Toll Free) 1-800-424-9300
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APPENDIX A

HAZARDOUS MATERIALS RESPONSE TEAM

TRAINING REQUIREMENTS

The following information outlines the training of the Hazardous Materials
Response Team for the Hanford Site.

A. Team Concept

1. Two officers per shift to be trained as team leaders.

2. All shift personnel to receive training.

3. When incident occurs, the team leader will select the 3 firefighters
to complete the Haz-Mat team.

B. Proposed Training

1. Standards: Orange County California Haz-Mat levels of training as a
guide (after being reviewed).

2. EPA Hazardous Material response at Cincinnati, Ohio (7 personnel).
(40 hours)

3. Haz-Mat hands on training onsite (40 hours). Same as command school.

4. Haz-Mat transportation emergencies onsite (40 hours). (Slide tape
with workbooks.)

5. National Fire Academy, Hazardous Material Tactical Consideration
(80 hours) at the fire academy (7 personnel).

6. Conduct two Haz-Mat drills per year - minimum.

7. Second year training to be reinforcing and update for selected
personnel.

C. Training Cost

1. EPA Haz-Mat training - 40 hours. Class $770 + room and board -

$4,500 + $6,500 overtime = $15,270.

2. Hands on training - 40 hours - $8,000.

3. Fire Academy - 7 personnel - 80 hours - Transportation and room and
board - $8,000 + $10,000 overtime = $18,000.

G-51

1706-KE



1706-KE 4/24/87, Rev. 0

APPENDIX B

CLEANUP SUPPORT EQUIPMENT

The following is a compilation of support equipment presently located at the
Hanford Site that is available for use during a hazardous material/waste
emergency at UNC facilities.

1. Rockwell/UNC Decontamination and Decommission Operations

100 Areas

55-Gallon Drums

Sheet Plastic

Dump Trucks

Front Loaders

Water Trucks

Fabrifilm

2. Rockwell Road and Track Maintenance Department

300 Area

2 - 75-Ton Cranes

3.- 14-Ton Cranes (self-propelled)

2 - 5-Ton Cranes

4 - Motor Patrol Blades

4 - Tracked Dozers

2 - Front Loaders

1 - Tracked Loader

2 - Water Trucks (5,000 gal.)

2 - Water Trucks (4,000 gal)

2 - Backhoes

5 - Dump Trucks (10 yd)
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APPENDIX C

HAZARDOUS MATERIAL/WASTE NOTIFICATION REGULATIONS

WASHINGTON STATE ADMINISTRATIVE CODES

WAC 173-303-145 Spills and Discharges Into the Environment

(1) Purpose and Applicability

This section sets forth the requirements for any person responsible for a
spill or discharge into the environment, except when such release is
otherwise permitted under state or federal law. For the purpose of
complying with this section, a transporter who spills or discharges
dangerous waste or hazardous substances durin transportation will be
considered the responsible person. This section shall apply when any
dangerous waste or hazardous substance is intentionally or accidentally
spilled or discharged into the environment (unless otherwise permitted)
such that public health or the environment are threatened, regardless of
the quantity of dangerous waste or hazardous substance.

(2) Notification

Any person who is responsible for a nonpermitted spill or discharge shall
immediately notify the individuals and authorities described for the
following situations:

(a) For spills or discharges onto the ground or into groundwater or
surface water, notify all local authorities in accordance with the
local emergency plan. If necessary, check with the local emergency
*service coordinator and the fire department to determine all
notification responsibilities under the local emergency plan. Also,
notify the appropriate regional office of the department of ecology;
and

(b) For spills or discharges which result in emissions to the air,
notify all local authorities in accordance with the local emergency
plan. If necessary, check with the local emergency service
coordinator and the fire department to determine all notification
responsibilities under the local emergency plan. Also, in western
Washington notify the local air pollution control authority, or in
eastern Washington notify the appropriate regional office of the
department of ecology.

(3) Mitigation and Control

The person responsible for a nonpermitted spill or discharge shall take
appropriate immediate action to protect human health and the environment
(e.g., diking to prevent contamination of state waters, shutting of open
valves).
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(a) In addition, the department may require the person responsible for a
spill or discharge to:

(i) Clean up all released dangerous wastes or hazardous
substances, or to take such actions as may be required or
approved by federal, state, or local officials acting within
the scope of their official responsibilities. This may
include complete or partial removal of released dangerous
wastes or hazardous substances as may be justified by the
nature of the released dangerous wastes or hazardous
substances, the human and environmental circumstances of the
incident, and protection required by the Water Pollution
Control Act, chapter 90.48 RCW;

(ii) Designate and treat, store or dispose of all soils, waters or
other materials contaminated by the spill or discharge in
accordance with this chapter 173-303-WAC. The department may
require testing in order to determine the amount or extent of
contaminated materials, and the appropriate designation,
treatment, storage, or disposal for any (substances)
materials resulting from clean-up; and

(iii) If the property on which the spill or discharge occurred is
not owned or controlled by the person responsible for the
incident, restore the area impacted by the spill or
discharge, and replenish resources (e.g., fish, plants) in a
manner acceptable to the department.

(b) Where immediate removal or temporary storage of spilled or
discharged dangerous wastes or hazardous substances is necessary to
protect human health or the environment, the department may direct
that removal be accomplished without a manifest, by transporters who
do not have EPA/State identification numbers.

(4) Nothing in WAC 173-303-145 shall eliminate any obligations to comply with
reporting requirements which may exist in a permit or under other state
or federal regulations.

WAC 173-303-370 Discharges During Transport

In the event of a spill or discharge of dangerous waste during transportation,
the transporter shall comply with the requirements of WAC 173-303-145, spills
and discharges into the environment. In addition to the notices required by
WAC 173-303-145, the transporter shall provide the tollowing notitications:

(1) Give notice to the generator of the waste that a discharge has occurred;

(2) Give notice to the National Response Center (800-424-8802) or
(202-426-2675), if required by 49 CFR 171.15;

(3) Report in writing as required by 49 CFR 171.16 to the Director, Office of
Hazardous Materials Regulations, Materials Transportation Bureau,
Department of Transportation, Washington, D.C., 20590; and,
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(4) For a water (bulk shipment) transporter, give the same notice as required
by 33 CFR 153.203 for oil and hazardous substances.

FEDERAL REGULATIONS (DEPARTMENT OF TRANSPORTATION)

49 CFR 171.15 Immediate Notice of Certain Hazardous Materials Incidents

(a) At the earliest practicable moment, each carrier who transports
hazardous materials (including hazardous wastes) shall give notice
in accordance with paragraph (b) of this section after each incident
that occurs during the course of transportation (including loading,
unloading and temporary storage) in which as a direct result of
hazardous materials--

(1) A person is killed;

(2) A person received injuries requiring his hospitalization;

(3) Estimated carrier or other property damage exceeds $50,000;

(4) Fire, breakage, spillage, or suspected radioactive
contamination occurs involving shipment or radioactive material
(see also 174.45, 175.45, 176.48 and 177.807 of this
subchapter); or

(5) Fire, breakage, spillage, or suspected contamination occurs
involving shipment of etiologic agents; or

(6) A situation exists of such a nature that, in the judgment of
the carrier, it should be reported in accordance with paragraph
(b) of this section, even though it does not meet the criteria
of paragraph (a) (1), (2), or (3) of this section; e.g., a
continuing danger of life exists at the scene of the incident.

(b) Each notice required by paragraph (a) of this section shall be given
to the Department by telephone (toll-free) on 800-424-8802 or (toll
call) on 202-426-2675. Notice involving etiologic agents may be
given the Director, Center for Disease Control, U. S. Public Health
Service, Atlanta, Georgia, Area Code (404) 633-5313, in place of the
notice to the Department. Each notice must include the following
information:

(1) Name of reporter.
(2) Name and address of -carrier represented by reporter.
(3) Phone number where reporter can be contacted.
(4) Date, time and location of incident.
(5) The extent of injuries, if any.
(6) Classification, name and quantity of hazardous materials

involved, if such information is available.
(7) Type of incident and nature of hazardous material involvement

and whether a continuing danger to life exists at the scene.

G-55

1 706-KE



4/24/87, Rev. 0

(c) Each carrier making a report. under this section shall also make the
report required by 171.16.

49 CFR 171.16 Detailed Hazardous Materials Incident Reports

(a) Each carrier who transports hazardous materials shall report in
writing in duplicate on DOT Form F 5800.1 to the Department within
15 days of the date of discovery (including loading, unloading, or
temporary storage) in which, as a direct result of the hazardous
materials, any of the circumstances set forth in 171.15(a) occurs or
there has been an unintentional release of hazardous materials from
a package (including a tank) or any quantity of hazardous waste has
been discharged during transportation. If a report pertains to a
hazardous waste discharge--

(1) A copy of the hazardous waste manifest for the waste must be
attached to the report, and

(2) An estimate of the quantity of the waste removed from the
scene, the name and address of the facility to which it was
taken, and the manner of disposition of any unremoved waste,
must be entered in Part H of the report (Form F5800.1).

(b) Each carrier making a report under this section shall send that
report to the Information Systems Manager, Materials Transportation
Bureau, Department of Transportation, Washington, D.C. 20590.

(c) Except as provided in paragraph (d) of this section, the
requirements of paragraph (a) of this section do not apply to
incidents involving the unintentional release of hazardous materials
being transported under the following proper shipping names:

(1) Consumer commodity
(2) Battery, ELECTRIC STORAGE, wet, filled with acid or alkali
(3) Paint, Enamel, Lacquer, Stain, Shellac or Varnish Aluminum,

Bronze, Gold, Wood filler, liquid or Lacquer-base liquid when
shipped in packages of five gallons or less

(d) The exceptions to incident reporting provided in paragraph (c) of
this section do not apply to:

(1) Incidents required to reported under 171.15(a).
(2) Incidents involving transportation aboard aircraft.
(3) Incidents involving-the transportation of hazardous waste.

DEPARTMENT OF TRANSPORTATION (DOT) FORM F 5800.1

(See following pages C-5 and C-6).
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APPENDIX D

CERCLA/WDOE NOTIFICATION PROCEDURES

In the event that a chemical release exceed the CERCLA or WDOE reportable
quantities (RQ) amount, data regarding the release will be compiled on the
CERCLA/WDOE Hazardous Substance Release Report and telephone notifications
made within 24 hours of knowledge that a release has occurred. Contact
Environmental Protection if there is any question as to whether the release
exceeds the RQ amount. The release report will be prepared as follows:

o Copy information, if known, regarding substance name, composition, weight
percent of constituents, and specific gravity or weight. Add other
information that may be available to characterize the nature of the release.

o Enter name of facility and location of release.

o Enter quantity of release and exact point (e.g., tank number) of release.

o Enter cause (e.g., spill, overflow, pump leak).

o Enter time, date, and duration of release.

o Enter location that spill has drained to (e.g., 163-N, 1324-NA).

o Enter extent of injuries, damage, and approximate value of chemicals lost.

o Describe immediate corrective actions (e.g., lock and tag valve, repairs).
Indicate whether a Process Standard Violation or Plant Event report is
being initiated.

o Describe long-term actions that could or will be needed to prevent similar
events in the future (e.g., procedural changes, equipment modifications).

o Provide name and telephone number of person delegated the responsibility to
obtain and provide additional information that will be required.

o Plant Operations shall initiate telephone contact with the Department of
Energy, Richland Operations Office (DOE-RL) SQA Duty Officer immediately
upon identification of the above information, and record time and date of
contact on the release report. Although the officer on duty and the
telephone number changes weekly, the correct telephone number can be
obtained from the Hanford Patrol- Operations Center on 3-3800. The DOE-RL
is responsible for contacting the National Response Center by telephone
within 24 hours.
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APPENDIX G-2
EMERGENCY EQUIPMENT
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APPENDIX G-2

EMERGENCY EQUIPMENT

G-2a Hanford Fire Department

The following is a description of equipment presently available from the

Hanford Fire Department, which could be used in a nonradioactive hazardous

materials incident.

Telesqurts - Located at 609, 609-A and 3709-A Fire Stations

The Hanford Fire Department presently has three Telesqurt trucks. Each

Telesqurt has the capability to pump 7'00 gpm of water with a 50-foot boom. A

limited amount of rescue equipment is carried on board each truck, including

SCBA units for the firefighting crew.

MX-3 - Located at 3709-A Fire Station

The MX-3 is a multichemical truck designed to combat metal-type fires such as

sodium and lithium. Each dry chemical agent is carried on board in a separate

container. Stored in the first container is 100 pounds of NaX extinguishing

powder for use on sodium fires. The second container holds 500 pounds of

micro-spheroids for use on lithium fires. Each of these containers is

automatically pressurized and activated from the truck cab. Two SCBA units

and two metal fire protective suits are located on board the truck.

Attack 1 - Located at 609-A Fire Station

Attack 1 is a four-wheel-drive, triple combination truck capable of off-road

travel. This unit carries 450 lbs of Purple K dry powder extinguishment,

300 gallons of 3% AFFF concentrate foam, 300 gallons of 3% AFFF premix foam,

and 300 pounds of 1211 Halon suppressant. All three agents are dispersed

through 150 feet of booster-type hose designed for each particular agent. The

AFFF premix solution can also be dispersed from a rooftop turret nozzle. Two

SCBA units, a 4kW diesel generator and various small tools are also stored on

this truck.
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Squad 3 - Located at 3709-A Fire Station

Squad 3 is a van-type vehicle containing various light duty to heavy duty

tools and equipment including:

o Acetylene torch

o 4kW generator

o Block and tackle sets

o Chlorine patch kit

o Emergency lighting

Rescue Trailer - Located at 609 Fire Station

This trailer is a four-ton model cont'ining miscellaneous rescue equipment

which includes:

o Block and tackle sets

o Light to heavy duty ropes

o Hand and power tools

o 6kW gasoline generator

G-2b Cleanup Support Equipment

The following is a compilation of support equipment presently located at the

Hanford Site that is available for use during a nonradioactive hazardous

material emergency:

1. Rockwell/UNC Decontamination and Decommission Operations

200 Areas

55-gallon drums

Sheet plastic

Dump trucks

Front loaders

Water trucks

Fabrifilm
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2. Rockwell Road and Track Maintenance Department

1100/600 Areas 200/600 Areas

2 -75-Ton Cranes 1 - 60-Ton Crane

3 - 14-Ton Cranes (self-propelled) 1 - 40-Ton Crane

2 - 5-Ton Cranes 1 - 25-Ton Crane

4 - Motor Patrol Blades 3 - Motor Patrol Blades

4 - Tracked Dozers 12 - Tracked Dozers

2 - Front Loaders 5 - Scrapers

1 - Tracked Loader 3 - Front Loaders

2 - Water Trucks (5000 gal) 1 - Water Wagon (9000 gal)

2 - Water Trucks (4000 gal) 1 - Water Wagon (8000 gal)

2 - Backhoes 1 - Water Truck (4000 gal)

5 - Dump Trucks (10 yd) 1 - Water Truck (2500 gal)

1 - Backhoe

G-2c Emergency Medical Equipment, Facilities and Personnel

Hanford Environmental Health Foundation maintains its own occupational medical

staff which provides onsite medical assistance in the worksite environment.

Additional emergency medical service is provided as needed.

100-N Medical Aid Station (811)

1 - Registered Nurse (RN) certified as emergency medical technician (EMT),

available 24 hours per day, 7 days per week

1 - Bed

1 - Portable 02 unit

1 - Life Pak 5 (life support equipment)

1 - Ambulance equipped for life support services (ambulances are located at

area fire stations)

1 - Standby ambulance

1 - Completely equipped Medical Aid Station

1 - Portable two-way radio on Patrol and Fire Frequency
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300 Area Medical Aid Station (376-3303) (811)

2 - RNs with EMT certification on duty, one from 7:00 a.m. -to 3:00 p.m. and

one RN from 3:30 a.m. to 11:50 p.m., Monday through Friday

1 - Bed

1 - Portable 02 unit

1 - Life Pak 5

1 - Ambulance equipped for life support services (ambulances are located at

area fire stations)

1 - Standby ambulance

1 - Completely equipped Medical Aid Station

1 - Portable two-way radio on Patrol and Fire Frequency

G-2d Emergency Communication System

Responsibility and Use of 811

The 811 emergency notification system provides a uniform and easy-to-remember

mechanism for activating emergency response measures and providing accurate

and timely communication to top management of unplanned-incidents. UNC

employees and managers are expected to use the 811 system for immediate

notification of incidents that impact (or potentially impact) the safety of

personnel, the environment, or the continuity of plant operations. Examples,

but not necessarily an inclusive list, follow:

o Bomb threats

o Explosions

o Fires

o Injury or serious illness

o Security violations

o Vehicle accidents

o Failure of emergency equipment or safety systems

o Incidents requiring facility eacuation or curtailment of major facility

operations

o Power outages or other utility disrLptions

o Major equipment or facility damage

o Flooding

o Natural disasters

G-64

1706-KE



4/24/87, Rev. 0

o Occurrences involving hazardous materials

o Other accidents or incidents impacting, or potentially impacting, plant

operations or personnel

Should there be a doubt whether an incident warrants an 811 call, always error

in favor of the call - Call 811.

Commercial Telephone Systems

The Hanford Site commercial telephone system is a model GTD 4600, all digital

system with programmable features. The system currently has 3800 line

capacity with 260 trunks in use. The Rockwell Telecommunications department

provides the interface between the site contractors and the commercial

telephone company.

Radio (UHF and VHF)

The radio communication network is extensive at Hanford. The various

emergency response groups, type of radio and call signs are listed in

Table G-1. Table G-1 gives frequency, call signs and station assignments.

Radio Paging System Operation

A new radio paging terminal has been installed at Hanford and, eventually, all

pagers will be transferred to the new terminal. During the interim, the

pagers will continue on the old paging terminal until they are individually

transferred to the new terminal. The old terminal will continue to operate in

the same manner until all pagers have been removed.

The following describes the method of accessing and using the new paging

terminal: (NOTE: The new paging terminal is accessed through a different

number.)
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376 exchange .(300 Area) users:

Dial paging access number 85.

Wait until a continuous tone is received, then dial in the 3-digit

pager code number.

If the terminal is ready to page the receiver, a beeping signal will be

heard for a few seconds.

If the terminal is busy, a ring back signal (the sound heard when the

telephone called is ringing) will be heard. The ring back signal will

continue until the terminal is ready for your paging call, then the

beeping "acknowledgment" will be heard.

When the beeping signal stops, then state the voice message to be sent

to the paging receiver dialed.

When the voice message is completed, hang up the telephone.

373 exchange (100 Area) users:

Dial 85 and 3-digit pager number, wait for a few seconds for beeping

signal, then proceed with voice message.

Telephone Systems

There is a telephone system available for use by UNC to alert employees to

emergency conditions. This system is activated by Patrol upon request from

management personnel when proper identification, list number, and message

number to be transmitted is provided. Proper identification consists of

requestor's name, job title, and call-back number. Patrol will verify person

making the request by implementing a call-back. It is also the contractor's

responsibility to assure the listings for the ADAS VI are up-to-date and

correct. Test schedules and user requirements for ADAS VI telephone systems

follows.
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Automated Dialing Alert System VI (ADAS VI). The ADAS VI system will normally

be tested on the first Monday of each month as scheduled below. When the

first Monday is a holiday, the alarm system will be tested the next day

(Tuesday).

Response to a ADAS VI Message. When the ADAS VI is activated a programmed

message is sent to those listed notifying them of the emergency. After

receipt of the message press '0' on the touch tone pad for 2 seconds to

acknowledge the call.
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SECTION H

HAZARDOUS WASTE MANAGEMENT TRAINING

The information contained in this section outlines the Personnel Training

Program for the 1706-KE Waste Treatment System operated by UNC Nuclear

Industries (UNC) for the U.S. Department of Energy in accordance with the

requirements of the WAC-173-303-330 and 40 CFR 264 and 270. Modules 1, 2 and

9 are received by all employees involved with the operation of the 1706-KE
Waste Treatment System. Any new information or corrections to this section
will be furnished when available. Modules 3 thru 14 constitute training

available for personnel involved with the UNC Hazardous Waste Management

Program (HWMP), including the 1706-KE Waste Treatment System.

H-1 OUTLINE OF TRAINING PROGRAM

The UNC Environmental Protection group is responsible for the development and
administration of the comprehensive training program for persons involved in

the HWMP. A Hazardous Waste Engineer from the Environmental Protection group

shall be the instructor conducting all training. A training manual will be

developed by the Environmental Protection group by June, 1987 which will

detail the following training program elements:

A. UNC policies and standards concerning hiring criteria, job

specifications, position descriptions, and performance standards.

B. Organization of the HWMP.

C. General health, safety, and environmental policy pertaining to HWMP

personnel.

D. A description of the training modules, course contents, test methods,
and training methods which will be utilized.

E. A general description of the treatment, storage, and disposal (TSD)

facilities and handling and transportation procedures.
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F.. Emergency response procedures and implementation of the contingency

plan.

G. Training administration and record keeping procedures.

See Appendix H-1, "Training Outline."

H-l(a) Introductory Training by Job Title and Duties

A Hazardous Waste Engineer from the Environmental Protection group will

provide training for new employees. Successful completion of introductory

training will be accomplished during the first six months of employment. New

employees will not work unsupervised until introductory training is complete.

Introductory classroom and on-the-job training will be provided for each

applicable position. The training course/job descriptions matrix depicted in

Figure H-1 outlines how training will be accomplished for each job title.

See Appendix H-2, "Job Titles and Descriptions"

A Hazardous Waste Engineer will provide additional/recurring training on a

yearly recertification basis. This will consist of an annual recertification

exam on the employee's anniversary date for each job description listed in

Appendix H-2. New modules not directly related to a job description may also

be presented in order to provide additional background and/or cross training.

These courses will be offered on a quarterly basis or as the need arises.

H-l(b) Training Content, Frequency, and Techniques

Training and required courses of study will be divided into modules which are

specific to appropriate training topics. Fourteen modules will be provided,

and offered on a quarterly or as-needed basis. All HWMP working at the

1706-KE Waste Treatment System are required to take the Modules One, Two and

Nine (specific to the facility involved), at a minimum. A description of each

module is as follows:
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A., Module One

Title: Introduction to the Hazardous Waste Management Program

Time: 2 hours

Method: Lecture/Question and Answer

Conducted by: A Hazardous Waste Engineer or designated alternate

Course Content:

1. Description of HWMP organization

2. Review job descriptions of individuals within the program

3. Performance standards

4. General health, safety, and environmental policies which govern

all aspects of the program

5. General description of the authority and regulations of

government agencies which interface with the HWMP, including

WDOE, USDOE, USEPA, and OSHA

6. Training program requirements

7. General description of the UNC HWMP facilities and associated

operations

Reading Assignment: Read the training manual and review the Part A

and B permit applications.
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B. Module Two

Title: Facility Specific Training: The 1706-KE Waste Treatment System

Time: 1 hour

Method: Tour/Lecture/Question and Answer

Conducted by: A Hazardous Waste Engineer or designated alternate

Course Content:

1. Locate the work station of the Building Emergency Director

2. Understand the waste treatment system employed at 1706-KE TSD

Facility

3. Understand the limits and controls on the types of waste which

can be placed into the 1706 KE Waste Treatment System.

4. Tour the 1706-KE Waste Treatment System Facility

5. Tour the waste analysis laboratory at the 184-KE Building

Reading Assignment: Study 1706-KE Waste Treatment System schematic

and topographic maps of the 100-KE Area.

C. Module Three

Title: General Aspects of Handling, Storage, Treatment, and

Transportation of Hazardous Wastes

Time: 1 hour

Method: Lecture/On-the-Job Training (OJT)
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Conducted by:. Hazardous Waste Engineer/Involved Managers

Course Content:

1. Recognition of corrosive chemical hazards.

2. Comprehension of chemical hazards associated with waste materials

including toxicology and health effects.

3. Basic concepts of the chemistry of hazardous materials.

4. Classification of materials into categories which present similar

health, safety, or environmental threats.

5. Physical and chemical properties of materials in broad hazard

classifications.

6. General methods and procedures for handling, storing, treating,

disposing, and transportation of wastes which mitigate the

hazardous nature of various materials.

7. Location and use of reference materials which contain information

relating to toxicology, chemical characteristics, recommended

first aid procedures in the event of exposure, and recommended

storage and handling procedures.

Reading Assignment: Review NIOSH/OSHA publication - "Occupational

Health Guidelines for Chemical Hazards".

Evaluation: Observe trainees in class setting.

D. Module Four

Title: Concepts of the Chemistry of Hazardous Materials

Time: l hour*
H-5
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Method: Lecture

Conducted by: A Hazardous Waste Engineer or designated alternate

Course Content:

1. Definitions of factors which cause materials to be hazardous:

a. Toxic materials

b. Reactive materials

c. Materials which react to produce toxic hazards

d. Explosives

e. Environmental toxins and contaminants

f. Corrosives/caustics

g. Carcinogens, teratogens, mutagens

h. Radioactive materials

2. Thermodynamic aspects of chemical reactions

3. Factors which influence reaction rates

4. Chemical equilibrium."

5. Definitions of factors relating to fire and explosion hazards:

a. Flash point
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b. Fire point

c. Auto ignition point

d. Upper and lower explosive limits

e. Vapor density

f. Ignition sources

g.. Flammability classification systems

6. Concepts of detonation and deflagration

7. Boiling liquid expanding vapor explosion (BLEVE)

8. Classes of chemicals with potential explosive hazards:

a. Nitrogen compounds

b. Organic peroxides

9. Classes of toxic materials:

a. Heavy metals

b. Organic solvents

c. Pesticides

d. Toxic gases
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10. Definition of factors relating to corrosivity:

a. pH, acidity, alkalinity

b. Acid/base strength

c. Neutralization

d. Buffer systems

11. Definition of factors relating to reactivity of wastes:

a. Water reactive

b. Air reactive

c. Oxidation and reduction

12. Definition and explanation of factors relating to

carcinogenicity, mutagenicity, and teratogenicity.

13. Definition and explanation of factors relating to radioactive

hazards.

14. Definition and explanation of factors relating to hazards

associated with infectious materials.

E. Module Five

Title: Procedures for Handling, Storing, Treatment, Packaging, and

Transportation of Hazardous Waste.

Time: 1 hour
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Method: Lecture/Demonstration/0JT

Conducted by: A Hazardous Waste Engineer or designated alternate

Course Content:

1. Procedures for pickup and transportation of wastes from on-site

generation points to the Hanford Hazardous Waste Storage Building

(616 Bldg.).

2. Procedure for acquiring samples of wastes intended for analysis.

3. Description of record keeping and administrative procedures

relating to waste pickup, analysis, transportation, and disposal.

4. Review of health, safety, and environmental policies relating to

handling, storing, treatment, packaging, and transportation of

wastes including brief risk assessment.

5. General description of policies relating to the use of personal

protective compatibility

6. Concepts and procedures relating to chemical compatibility and

container compatibility.

7. Spill/release prevention, cleanup, and reporting.

8. Standards of primary container integrity and labeling.

9. Standards of secondary container integrity and labeling.

10. Utilization of space and layout of storage areas within the

Hanford Hazardous Waste Storage Building (616 Bldg.).
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11. Methods of packing primary and secondary containers.

12. Spill prevention procedures, equipment, and cleanup.

13. Identification of possible routes of access by which contaminants

could enter the environment.

14. Identification of methods by which materials could enter the body.

15. Methods by which materials may be neutralized prior to packaging

and transportation.

16. Procedures for sealing and labeling containers intended for

transportation to the disposal site (on and off site).

17. Procedures for loading chemical transportation vehicles for

shipment to disposal site (on and off site).

18. Administrative requirements related to transportation of wastes

to the disposal site (on and off site).

19. TSD facility inspection requirements.

20. Procedures for dealing with non-sudden releases (e.g., leakers).

21. Drum handling/forklift procedures overview.

Reading Assignment: Review pertinent section of 1706-KE Waste

Treatment System Part A Appiication.

Evaluation: Observe trainees during participation in demonstrations.
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F. Module Six

Title: Use of Perso'nal Protective Equipment and Emergency Equipment

located at UNC HWMP Facilities.

Time: 1 hour

Method: Demonstration/Lecture/Tour/OJT

Conducted by: Industrial Hygienist, Hanford Fire Department

Personnel, and a Hazardous Waste Engineer or designated alternate.

Course Content:

1. Policies and procedures concerning use of personal protective

equipment including:

a. Eye protection

b. Face protection

c. Hand protection/gloves

d. Lab coats

e. Protective footwear

f. Encapsulation suits

2. Policies and procedures concerning use of self-contained

breathing apparatus, filter masks, organic vapor masks, and dust

cartridge respirators.

3. Location and contents of first aid kits.
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4. Policies and procedures concerning use of bomb blanket .
(discussion of other resources available for handling suspected
dangerous explosives).

5. Capabilities of "Acid King," "Chemturion," "Fyrepel," and Tyvex"
encapsulation suits. Policies and procedures governing

utilization of encapsulation suits.

6. Location and use of portable fire extinguishers at UNC HWMP

facilities.

7. Location and use of fire alarms at UNC HWMP facilities.

8. Utilization of over pack drums for spill/leak containment.

9. Utilization of absorbent pillows and/or other appropriate

absorbent materials.

10. Overview of fire department equipment, capabilities, and general
emergency response procedures.

Evaluation: Observation of trainees during participation in

demonstrations.

G. Module Seven

Title: Emergency Procedures/Implementation of the UNC Hazardous

Materials Contingency Plan

Time: 1 hour

Method: Lecture/Question and Answer

Conducted by: Emergency Coordinator
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Course Content:

1. Definition of emergency and/or conditions which will prompt

implementation of the contingency plan.

2. Roles of UNC HWMP personnel, Hanford Fire Department, Hanford

Police Department, and UNC administrators in an emergency.

3. Notification procedures.

4. Staging areas.

5. Utilization of monitoring equipment.

6. Spill containment procedures.

7. Routes of access/egress from facilities.

8. Activation/use of fires suppression equipment.

9. Procedures for suspending operations during emergency conditions.

10. Facility decontamination procedures.

11. Evaluation methods and procedures.

12. Procedures for handling emergencies involving hazardous materials

which threaten to enter or have entered the air, surface water,

or groundwater.

13. Run-off and run-on control.
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14. Aspects of the interface with federal, state, county, and city

agencies which may have long-term or immediate involvement in
emergencies.

15. Use of eye washes and deluge showers.

Reading Assignment: Read the UNC Hazardous Materials Contingency Plan

(UNIMA-2 Volume 1-5) and the DOT publication, "Emergency Action Guide

for Selected Hazardous Materials."

H. Module Eight

Title: Protecting the Environment from Contamination by Hazardous

Waste/Decontamination Procedures

Time: 1 hour

Method: Lecture/Discussion

Conducted by: Certified Industrial Hygienist and a Hazardous Waste

Engineer

Course Content:

1. Mechanisms by which contaminants enter the human body and other

biological systems.

2. Factors related to pesticide exposure.

3. Description of Hanford Site water and sewage systems.

4. Description of threats to the community posed by airborne

contaminants.
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5. Delayed health effects of frequent low-level exposure to

hazardous materials.

6. Medical surveillance.

7. Description of the topography in the vicinity of UNC HWMP

facilities which relates to the potential for water contamination.

8. Ground and surface water systems on the Hanford Site.

9. Flood plain information.

10. Water sampling and analysis procedures.

11. Facility decontamination procedures.

12. Environmental decontamination procedures.

13. Dangers associated with PCBs.

14. Suspension of operations in the event of a contamination incident.

15. Personal decontamination including:

a. Decontamination of clothing and body surfaces.

b. Use of deluge showers and eyewashes.

Reading Assignment: Study-topographic maps, flood plain maps, and

water system schematics of the Hanford Site.

I. Module Nine

Title: Waste Sampling Procedures for the 1706-KE Waste Treatment

System
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Time: 1 hour

Method: Discussion

Conducted by: Senior Chemist and a Hazardous Waste Engineer or

designated alternate

Course Content:

1. Review procedures for acquiring samples from the 1706-KE Waste

Treatment system.

2. Review procedures for record keeping, notification, and

documentation of analysis result.

3. Review operation and capabilities of analytical apparatus.

4. Review calibration maintenance and repair procedures for

analytical apparatus.

5. Review specific test methods to be utilized for varieties of

chemical species present in the system.

6. Review policies and procedures related to safe handling and

disposition of samples in the 184-KE analytical laboratory.

Reading Assignment: Review the EPA waste analysis plan, SW-846, and

other authoritative references relating to analytical procedures.

Evaluation: Confirm understanding by oral responses during discussion.

J. Module Ten

Title: Record Keeping and Administrative Procedures

Time: 1/2 hour
H-16
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Method: Discussion/0JT

Conducted by: A Hazardous Waste Engineer or designated alternate

Course Content:

1. Maintenance of personnel files and position descriptions.

2. Maintenance of training records and log.

3. Maintenance of permits, permit applications, and comprehensive

plans.

4. Maintenance of forms and records related to chemical disposal

requests and wastes analysis lab test results to include off-site

incinerated materials and volumes, stored wastes and transported

wastes.

5. Maintenance of inspection logs.

Reading Assignment: Read permit applications

Evaluation: Oral

K. Module Eleven

Title: First Aid Training

Time: 8 hours

Method: Lecture/Demonstration

Conducted by: WISHA certified instructor
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Course Content:

1. Standard industrial first aid instruction, including CPR.

L. Module Twelve

Title: Review of Procedures and Use of SCBA Equipment and

Encapsulation Suits

Time: 2 hours

Method: Discussion/Demonstration

Conducted by: Hanford Fire Department Specialist and Rockwell

Respiratory Protection Department Specialist

Course Content:

1. Review of procedures and use of SCBA equipment, Chemturion, and

Fyrepel encapsulation suits.

2. Practice using equipment.

Evaluation: Oral/Observation

M. Module Thirteen

Title: Radio Procedures

Time: 1 hour

Method: Discussion/Demonstration

Conducted by: Hanford Dispatcher
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Course Content:

1. Review radio operations and capabilities.

2. Review policies concerning use of the radio.

3. Review use of call signs and standard voice communication

procedures.

Evaluation: Oral/Observation

N. Module Fourteen

Title: Simulated Hazardous Materials Emergency Incident

Time: 2 hours

Method: Programmed problem solving and decision making exercise.

Group participation and simulation.

Conducted by: Emergency Coordinator

Course Content:

1. The Office of Emergency Planning will develop a written,

programmed simulation of events leading to an emergency involving

hazardous materials. Participants will respond to changing

events by describing their activities and decisions at each point

as the situation develops.

Evaluation: Group evaluation
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H-l(c) Training Director

The Hazardous Waste 'Training Director will be an engineer from the
Environmental Protection group. This training director will be qualified to

conduct the training based on his/her academic background and/or experience.

H-l(d) Relevance of Training to Job Position

Titles, job descriptions, and requisite qualifications of personnel involved
in the HWMP are set forth in Appendix H-2. (Comprehensive detailed job

descriptions for each position are maintained by the Personnel Office. The

identity of individual who occupy these positions is also recorded there).

Figure H-1 depicts the detail of each job description's training from the
modular format.

The Hazardous Waste Engineer will conduct an annual training review each

December which will consist of the following elements:

1. Review training records to ensure that training has been provided in

accordance with the plan set forth in this document.

2. Placement of a signed "memo for the record" in the training file of

each program participant indicating that the annual review has been

accomplished.

3. Review content of training modules in order that modules reflect

current practices and lessons learned.

4. Conduct a group meeting of all HWMP participants and get feedback and

ideas concerning relevance and adequacy of training.
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H-l(e)* Training for Emergency Response

Training is adequate to ensure that personnel are able to respond effectively

to emergencies and are familiar with emergency procedures, emergency equipment

and emergency systems. This is assured by training encompassing specific

topics. These topics are covered in Section H-i(b) modular training as

follows:

1. Using, inspecting, repairing, and replacing facility emergency and

monitoring equipment. Included in modules 5, 6, 7, 11, 12, 13, and 14.

2. Parameters for automatic waste feed cutoff.

3. Communications and alarm systems. Included in modules 2, 5, 6, 7, 13,

and 14 where applicable in operation of a facility.

4. Response to fire and explosions. Included in modules 3, 4, 5, 6, 7,

8, 11, 12, 13, and 14.

5. Response to groundwater contamination. Technical expertise is

available from Battelle - Pacific Northwest Laboratories. Technology

and response techniques have been developed and implemented.

6. Shutdown of operations. Included in modules 7, 8, and 14, where

applicable, in operation of a facility.

H-2 IMPLEMENTATION OF TRAINING PROGRAM

The training program has been implemented and a schedule has been prepared

starting October 1, 1986 (which commences the new fiscal year for UNC) which

outlines the personnel training for the year.

All employees will receive introductory training within six months of their

date of hire or their transfer to a new position. Personnel will not work in

unsupervised positions until they successfully complete the training course.

Upon successful completion of the necessary training, the employees name,
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payroll number, and job title will be entered on.the -Attendance/Training Input

Form (Figure H-2) and added to the employee permanent training record

maintained by the Training Department.

Records of each individual's formal training are maintained in the Personnel

Office. Training records of current employees will be kept until closure of

the facility. Records of former employees are kept for at least three years

from the date the employee last worked at the facility.

The training outline is on file in the Environmental Protection office and is

available for review. Provisions are made for updating and reviewing courses,

as necessary, to ensure RCRA compliance.

WP# 9140A
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APPENDIX H-1

HAZARDOUS WASTE MANAGEMENT TRAINING
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I. General Introduction

A. Introduction to Hazardous Waste Management Program

B. Facility Specific Training: 1324-N Surface Impoundment

C. General Handling, Storage, Treatment, Transportation

II. Specific Safety Issues

A. Chemistry of Hazardous Materials

B. Handling, Storage, Treatment, Packaging, and Transportation

Procedures

C. Emergency/Protective Equipment

D. Hazardous Materials Contingency Plan

E. Environmental Protection Procedures

III. Administrative Procedures

A. Waste Sampling

B. Record/Administration

IV. Emergency Training

A. First Aid

B. Encapsulation/SCBA Equipment

C. Radio Transmission

D. Simulated Hazardous Materials Emergency
H-26
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Job Title:

Operator (Chemical, Nuclear, and Heavy Equipment)

Level of Responsibility:

Actual hands-on handling, packaging, labeling, disposition of hazardous waste

Qualifications:

Experience and qualification testing

Job Elements:

o Implementation of Hazardous Waste Management Program elements by procedure

o Packaging/labeling of hazardous waste for shipment

o Handling of hazardous waste prior to disposition

o Loading of hazardous waste for shipment

H-28
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Job Title:

Chemical Technician

Level of Responsibility:

Handling of samples and analytical equipment

Qualifications:

Academic degree or qualification testing

Job Elements:

o Receive and log samples

o Quality Control

- Training

- Record keeping

- Equipment maintenance

o Analyze samples as per Environmental Protection Agency and State of

Washington protocol
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Job Title:

Light- and Heavy-Duty Drivers and Riggers

Level of Responsibility:

Transportation of hazardous waste

Qualifications:

Experience and qualification testing

Job Elements:

o Inspect and verify shipments as to proper packaging, labeling, and

manifestations

o Loading and hazardous waste for shipment

o Transportation of hazardous waste as per Department of Transportation

regulations

H-30
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Job Title:

Decontamination and Decommissioning Worker

Level of Responsibility:

Hazardous material spill cleanup

Qualifications:

Experience and qualification by testing

Job Elements:

o Provide response to a spill of hazardous materials for purposes of cleanup

o Stabilize area after cleanup operations

H-31
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SECTION'I

CLOSURE REQUIREMENTS

The 1706-KE Waste Treatment System utilizes tanks, containers, an ion exchange

column, an evaporation unit, and a condenser to treat radioactive mixed wastes
generated in the laboratories in the 1706-KE Building. A schematic of this
system is shown in Figure I-1. The laboratories in the 1706-KE Building are

used to conduct chemical and physical tests of various systems at N-Reactor.

This system will be closed under final status according to the following
closure plan.

This closure plan was prepared in accordance with the requirements of

40 CFR 264.110 through 116, 119 and 120, 264.178, 264.197, 270.14(b)(13), and
WAC 173-303-610(3), 630(10), 640(5), and 860(4)(a)(xiii).

The purpose of this section is to demonstrate that the U.S. Department of

Energy Richland Operations Office (DOE-RL) has considered all activities
necessary to completely close the 1706-KE Waste Treatment System. It is

understood that this closure plan will become a part of the final facility

permit for the 1706-KE Waste Treatment System.

Closure activities will be implemented during the designated time period. The

closure period will begin at the time of the final acceptance of waste and
will end when closure, in accordance with the approved closure plan, is
certified by an independent registered professional engineer. DOE-RL will

notify the Washington Department of Ecology (WDOE) or the U. S. Environmental
Protection Agency (EPA) at least one-hundred-eighty days prior to the expected

closure date.

DOE-RL will amend this closure plan whenever changes in the operating plans or
facility design may affect the closure of the 1706-KE Waste Treatment System.
This plan will also be amended whenever there is a change in the expected year
of closure.

I-1
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FIGURE I-1
PROCESS FLOW FOR THE 1706-KE WASTE TREATMENT SYSTEM
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If DOE-RL requests a permit modification to authorize a change in the

operating plans or facility design of the 1706-KE Waste Treatment System, a

request for modification of the closure plan will be made at the same time.

If a permit modification is not needed to authorize the change in operating

plans or facility design, the request for modification of the closure plan

will be made within sixty days after the change in plans or design occurs.

At the time of the implementation of closure activities, it is possible that

either the Washington Department of Ecology (WDOE) and/or the Environmental

Protection Agency (EPA) may be the regulating authority. Submittals required

in this Section will be sent to the appropriate authority at the time of

closure. The addresses of these regulating authorities are as follows:

Regional Administrator

Region X

U.S. Environmental Protection Agency

1200 Sixth Avenue

Seattle, Washington 98101

Director

Washington Department of Ecology

Mail Stop PV-aa

Olympia, Washington 98504

The location 'of official copies of the Closure Plan is given in Appendix I-1.

The responsible person for storage and updating these copies is given in

Appendix 1-2. The certification of closure is found in Appendix 1-3.

I-1 CLOSURE PLAN

I-la Closure Performance Standard

The DOE-RL will initiate and monitor the closure activities for the 1706-KE

Waste Treatment System. Personnel involved in the closure activities will be

under the supervision of a person knowledgeable in the safe handling of both

radioactive and dangerous wastes. Appropriate protective clothing and
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equipment, if required, will be specified to ensure personnel protection.
Upon completion' of the closure activities, all regulated material will have
been removed from the facilities.

The 1706-KE Waste Treatment System will be closed in a manner that protects

human health and the environment and minimizes-or eliminates escape of

hazardous waste, hazardous waste constituents, leachate, contaminated
rainfall, or waste decomposition products to the ground or surface waters or
to the atmosphere.

This closure plan provides for closure of the 1706-KE Waste Treatment System

in a manner that will:

o Minimize future maintenance needs through complete removal of all

radioactive mixed wastes. All facility equipment will be tested to insure

it is free of contamination;

o Protect human health and the environment through use of proper health and

safety procedures;

o Minimize the escape of hazardous waste, hazardous waste constituents,

leachate, contaminated rainfall, or waste decomposition products to the

ground or surface waters or atmosphere, through the use of proper handling

and disposal techniques for all contaminated materials; and

o Return the land to the appearance and use of surrounding land areas to the

degree possible given the nature of the previous dangerous waste activity.

I-lb Partial and Final Closure Activities

DOE-RL does not expect to perform--a partial closure of the 1706-KE Waste
Treatment System. Therefore, all closure activity will be for final closure

of the system. Closure will proceed according to the steps identified in

Figure 1-2.
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CLOSURE DECISION

ACCEPTANCE OF LAST WASTE

TREATMENT OF ALL WASTES

SAMPLE TREATMENT EFFLUENT

RELEASE DISPOSE OF
NON-HAZARDOUS HAZARDOUS
EFFLUENT EFFLUENT

IDISPOSE OF ION EXCHANGE COLUMN RESINS

DISPOSE OF EVAPORATION UNIT DRUM

TRIPLE RINSE ACCUMULATION TANK

TRIPLE RINSE CONDENSATE TANK

TRIPLE RINSE ANCILLARY EQUIPMENT

DECONTAMINATE SECONDARY CONTAINMENT AREAS

CLOSURE CERTIFICATION

2K8701-6.1

FIGURE 1-2
1706-KE WASTE TREATMENT SYSTEM CLOSURE KEY STEPS
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The expected year of closure is 1995 + 2 years. At least 180 days prior to
the date of receiving the last regulated waste batch, DOE-RL will notify the
appropriate regulating agency of the intent to close the 1706-KE Waste
Treatment System. Within 30 days after receiving the last regulated waste,
DOE-RL will direct the appropriate Hanford Site Contractor to implement this
approved closure plan. Within 60 days after receiving the last regulated
waste, all mixed radioactive liquid wastes which have not been treated in the
system will be transferred to the DOE Waste Management Contractor in the
200 Areas of the Hanford Site. Within 90 days after receiving the last

regulated waste, the piping, tanks, and other system components will be

flushed with water to remove residual materials. The rinsate will be

transferred to the DOE Waste Management Contractor for treatment in the 200

Areas of the Hanford Site. Within 180 days of receiving the last regulated

waste, DOE-RL will submit the required certification of closure to the
regulating authority.

No soil or groundwater sampling will be conducted at the 1706-KE Facility.
This waste treatment unit is located completely within the 1706-KE Building,
and there is no pathway for potential contamination of the soil or groundwater
underlying the building. All radioactive mixed wastes will be removed from

the 1706-KE Waste Treatment System at the time of final closure.

I-lc Estimate of Maximum Waste Inventory

The maximum possible inventory of waste in storage at the 1706-KE Waste
Treatment System is 1,500 gallons of radioactive mixed wastes. This includes

the wastes which may be stored in the accumulation tank, the evaporation unit,
the condensate collection tank, the container storage area, and in any of the

associated piping.

The waste accumulation tank is a 550-gallon tank, and the condensate
collection tank is a 96-gallon tank. The ion exchange column is capable of

containing up to 40 gallons at any one time, and up to 30 gallons may be

stored in the evaporation unit. The container storage area is capable of.

1-6
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holding up to 550 gallons of waste. Approximately 15% of the total volume of

wastes in the system at any one time may be stored in the system piping and
pumps.

I-ld Inventory Removal, Disposal or Decontamination of Equipment
Closure of the 1706-KE Waste Treatment System will ensure that dangerous

wastes and dangerous waste residues are removed, and that equipment and other

materials containing or contaminated with dangerous waste are decontaminated.
Removal and decontamination activities will ensure that dangerous waste
residues do not exceed the following levels:

a) for dangerous wastes listed under WAC 173-303-081 or 173-303-082 or

designated by the characteristics WAC 173-303-090, wastes will be removed

to background environmental levels; and

b) for dangerous wastes designated by WAC 173-303-084 or 173-303-101 through
173-303-103, a technical assessment will be conducted in accordance with
the Washington Department of Ecology's Final Cleanup Policy - Technical
(July 10, 1984. This technical assessment will provide the basis for
developing concentration limits for those dangerous wastes,

unless alternative concentration levels are developed and agreed upon by the
EPA or WDDE.

I-d(l) Closure of Containers

All containers remaining in the container storage area of the 1706-KE Waste
Treatment System will be decontaminated or removed at the time of closure of
the facility. Containers holding effluent (condensate) from the 1706-KE Waste
Treatment System will be sampled if they have not already been sampled. If
the analyses of these samples indicate that the contents of the containers are
not radioactive mixed wastes, then the contents of the containers will be
discharged in an environmentally acceptable manner as non-regulated wastes.

If the contents of any of the containers are determined to be hazardous and/or
radioactive wastes, the containers will be sealed and shipped to the Hanford
Site Waste Management Contractor for storage and/or additional treatment.
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Once the contents of all containers containing nonhazardous wastes have been
removed, these containers will be triple-rinsed, and the rinsate collected.
Samples of the rinsate will be taken and sent to a laboratory for analyses.

All samples of waste, rinsate, and swipe samples will be taken according to
the methods described in SW-846, "Test Methods for the Evaluation of Solid
Wastes," Section One, "Sampling of Solid Wastes." The analyses will include
all parameters necessary to determine whether the rinsate is a designated

waste. This list of parameters can be found in Table I-1.

Swipe samples will also be taken of the interior of the containers. If the

analyses of the swipe samples and the rinsate samples indicate no hazardous

waste constituents are present, then the containers will be shipped to another

facility on the Hanford Site for re-use.

If the analyses of the samples indicate that the containers still contain
hazardous waste residues, the containers will be sealed and shipped to the
Hanford Site Waste Management Contractor for disposal.

The secondary containment device for the container storage area will be
inspected at the time of closure of the 1706-KE Waste Treatment System. Swipe

samples will be taken of the surface of the plastic risers and the aluminum

pan. The samples will be analyzed for the parameters listed in Table I-1. If
analyses of these samples indicate that the plastic risers and/or aluminum pan

contain hazardous waste residues, these structures will be decontaminated.

The secondary containment structures will be decontaminated by triple-rinsing

the structures. Following the rinse, swipe samples will again be taken of the
surface of the plastic stands and the aluminum pan. The samples will be

analyzed for the parameters listed in Table I-1. If analyses of these samples

indicate that the surface of the secondary containment structures no longer
contain hazardous waste residues, the samples will be released as nonhazardous

wastes and the plastic stands and the aluminum pan will be removed and sent to

another facility for re-use.
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TABLE I-1

CLOSURE WASTE ANALYSES

CHARACTERISTIC PARAMETER

Metals

Zinc
Calcium
Barium
Cadmi um
Chromium
Silver
Sodium
Nickel
Copper
Vanadium
Aluminum
Manganese
Potassium
Iron
Magnesium
Beryllium
Usinium
Strontium
Antimony

TEST

ICP

SW-846, #6010

Ions Ion Chromatography

Nitrate
Sulfate
Fluoride
Chloride
Phosphate

Total Organic Carbon SM #505

pHCorrosivity

Reactivity

Ignitability

SW-816, #9040

1-9

Toxicity

1 706-KE



4/24/87, Rev. 0

If the analyses indicate that the plastic stands and/or the aluminum pan still

contain hazardous waste residues, these structures will be placed in sealed
containers and shipped to the Hanford Site Waste Management Contractor for
disposal.

I-ld(2) Closure of Tanks

No special equipment will be required for the closure of the tanks and

associated piping of the 1706-KE Waste Treatment System. All wastes and waste

residues will be removed from the 1706-KE Waste Treatment System in an

environmentally acceptable manner at closure. Flushing of the system piping

and tanks will be done to remove those materials regulated under WAC 173-303.
This will be confirmed by the taking of swipe samples of the tank interior.
All swipe samples and samples of rinsate will be taken according to the

methods of section one of SW-846. These samples will be analyzed to determine

whether any waste residues are designated. The parameters to be analyzed for

are identified in Table I-1. All materials removed from the tanks will be

transferred to the Hanford Site Waste Management Contractor for disposal.

If analyses of the swipe samples indicate that contamination has not been

removed from the tanks by the flushing, the equipment will be disassembled and
transferred to the Hanford Site Waste Management Contractor for disposal in a

manner in accordance with all applicable regulations. In addition, areas

surrounding the facilities will be inspected for indications of leaks or

spills. Any areas showing signs of contamination (such as discoloration,
corrosion, etc.) will also be sampled and analyzed. Any materials found to be

contaminated will also be transferred to the Hanford Site Waste Management

Contractor for disposal in accordance with all applicable regulations.

Removal of radioactively contaminated equipment is governed by DOE Order

5820.1, "Radioactive Waste Management," Chapter V, "Decontamination and
Decommissioning of Surplus Facilities." The requirements of this order will

be met when the tanks and associated piping of the 1706-KE Waste Treatment

System are removed. Any equipment contaminated during closure will be steam
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cleaned. If the cleaning water is contaminated, it will be contained,

packaged and disposed of in a manner consistent with approved hazardous waste

management procedures in effect at the time of closure.

I-ld(3) Closure of Physical, Chemical, and Biological Treatment Units

I-ld(3)(a) Ion Exchange Columns

The ion exchange column of the 1706-KE Waste Treatment System will be removed

from service at the time of closure of the facility. The resins in the ion

exchange column will be removed, collected, and shipped to the Hanford Site

Waste Management Contractor for disposal as a solid radioactive mixed waste.

The ion exchange column will then be triple-rinsed with clean water. The

rinsate will be collected, sampled, and analyzed. The sample will be analyzed

for the parameters listed in Table I-1. If the analyses indicate that the

rinsate is nonhazardous and nonradioactive, it will be released as a

non-regulated waste.

Swipe samples will then be taken of the interior of the ion exchange column.

These samples will also be analyzed for hazardous and radioactive constituents

identified in Table I-1. If the column is found to be free of hazardous and

radioactive constituents, it will be removed and sent to another area of the

Hanford Site for re-use. If the ion exchange column is contaminated, it will

be sealed and shipped to the Hanford Site Waste Management Contractor for

proper disposal.

I-ld(3)(b) Evaporation Unit and Condenser

The waste drum in the evaporation unit will be removed and sealed at the time

of closure. This drum will be shipped to the Hanford Site Waste Management

Contractor for disposal as a radioactive mixed waste.

The piping in the evaporation unit will then be triple-rinsed. The condenser

will also be triple-rinsed. The rinsate will be collected, sampled, and

analyzed for the parameters listed in Table I-1. If the rinsate is shown to

I-11
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be nonhazardous and nonradioactive it will be disposed of as a non-regulated
waste. If the rinsate is determined to be hazardous and/or radioactive, it
will be sent to the Hanford Site Waste Management Contractor for proper

treatment.

Swipe samples will then be taken of the interior of the evaporation unit and
the condenser. These samples will also be analyzed for the hazardous
constituents identified in Table I-1. If the evaporator and condenser are

found to be free of hazardous and radioactive constituents, they will be
removed from the 1706-KE Building and sent to another area of the Hanford Site
for re-use. If the evaporator and condenser are contaminated, they will be

sealed and shipped to the Hanford Site Waste Management Contractor for proper
disposal.

I-ld(4) Closure of the Secondary Containment Structure

The secondary containment structure for the tanks, ion exchange column, and

evaporation unit will also be decontaminated at closure if there are any
reports of a spill(s) to the curb during the operation facility. The curb

will then be triple-rinsed with clean water. The rinsate will be collected,

and samples of the rinsate analyzed for the hazardous waste constituents

identified in Table I-1.

Swipe samples will also be taken of the surface of the curbed area. If the

results of analysis of the swipe samples and the rinsate samples reveal no
hazardous waste residues, the rinsate will be released as a nonhazardous waste.

If the analyses indicate that the rinsate does contain hazardous waste,
residues, the containerized rinsate will be sent to the Hanford Site Waste
Management Contractor for treatment. If the swipe samples indicate that the

surface of the secondary containment curb is still contaminated with hazardous
waste residues, the curb will then be steam cleaned.
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All waste products from the steam cleaning process will be collected. These

wastes will be sampled, and the samples will be analyzed for hazardous waste
constituents identified in Table I-1. If the wastes are shown to be

nonhazardous and nonradioactive, they will be released as non-regulated

wastes. If they are found to be contaminated with hazardous and/or

radioactive waste residues, the steam cleaning waste containers will be sealed
and shipped to the Hanford Site Waste Management Contractor for treatment.

Swipe samples will again be taken of the surface of the secondary containment

curb to determine if the hazardous waste residues have been removed. If the

steam cleaning has not removed the hazardous waste residues from the curb,

further treatment options will be considered at that time.

I-lg Schedule for Closure

The DOE-RL plans to initiate closure of the 1706-KE Waste Treatment System in

calendar year 1995 + 2 years.

Closure of any of the 1706-KE Waste Treatment System shall be completed within
180 days of the final receipt of regulated waste. The following events will

be completed on or before the time indicated below:

Time/Day Activity

-180 Notification of intent to close

0 Final regulated waste accepted

+30 Closure initiated

+60 All waste treated or transferred

+90 All system components flushed with water, all
residual regulated waste removed and
transferred to DOE Waste Contractor, and
system components sampled and analyzed for
radioactive and/or hazardous contamination

+180 Certification of closure completed
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I-lh Extensions for Closure Time

Extensions for closure time, if needed, will be requested in accordance with

40 CFR 264.113(a) and (b), and WAC 173-303-610.610(4)

1-2 POST-CLOSURE PLAN

This section is not applicable. All wastes from the 1706-KE Waste Treatment

System will be removed at closure. Therefore, no post-closure activities will

be conducted at the 1706-KE Waste Treatment System.

1-3 NOTICE IN DEED

A notice in deed is not required for containers, tank systems or chemical,

physical, and biological treatment units.

1-4 CLOSURE COST ESTIMATE

The Federal government is exempt from this requirement [40 CFR 264.140(c) and

WAC 173-303-620(l)(c)].

1-5 FINANCIAL ASSURANCE MECHANISM FOR CLOSURE

The Federal government is exempt from this requirement [40 CFR 264.140(c) and

WAC 173-303-620(l)(c)].

1-6 POST-CLOSURE COST ESTIMATE

This section is not applicable as there will be no post-closure activities

conducted at the 1706-KE Waste Treatment System.

1-7 FINANCIAL ASSURANCE MECHANISM FOR POST-CLOSURE CARE

This section is not applicable as there will be no post-closure activities

conducted at the 1706-KE Waste Treatment System.

1-8 LIABILITY REQUIREMENTS

The Federal government is exempt from this requirement [40 CFR 264.140(c) and

WAC 173-303-620(l)(c)].

WP #9142A
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SECTION J

OTHER FEDERAL LAWS

In conformance with the requirements of 40 CFR, 207.3, Considerations Under
Federal Law, the following Federal Laws have been reviewed. For the

U.S. Department of Energy's Hanford facility, none of these laws requires

consideration or adoption of any practical permit conditions or requires the

denial of a permit.

1. The Wild and Scenic Rivers Act of 1968 (PL 90-542 and Subsequent

Amendments). An act to provide for a National Wild and Scenic Rivers

System, and for other purposes.

2. The National Historic Preservation Act of 1966 (PL 89-665 and

Subsequent Amendments). An act to establish a program for the

preservation of additional historic properties throughout the Nation,

and for other purposes.

3. The Endangered Species Act of 1973 ((PL 93-205 and Subsequent

Amendments). An act to provide for the conservation of endangered and

threatened species of fish, wildlife, and plants, and for other

purposes.

4. The Coastal Zone Management Act of 1972 (PS 92-583 and Subsequent
Amendments). An act to establish national policy and to develop a

national program for the management, beneficial use, protection, and

development of the land and water resources of the Nation's coastal

zones, and for other purposes.
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5. The Fish and Wildlife Coordination Act of 1934 (PL 121 and

Amendments). An act to promote the conservation of wildlife, fish,

and game, and for other purposes.

(PL 85-624) An act to amend the Act of March 10, 1934, to provide for

more effective integration of a fish and wildlife conservation program

with Federal water-resource development, and for other purposes.

(PS 89-72) An act to provide uniform policies with respect to

recreation and fish and wildlife benefits and costs of Federal

multiple-purpose water resource projects, and for other purposes.

The Hanford Site is also operated pursuant to the rules and/or regulations

promulgated under the Clean Water Act, the Clean Air Act and its subsequent

amendments, as well as the requirements of other applicable Federal laws

through ongoing facility planning and operational monitoring/compliance

activities of the Safety and Quality Assurance Divisions.

WP #9125A
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SECTION K

CERTIFICATION

I certify under penalty of law that this document and all attachments were

prepared under my direction or supervision in accordance with a system

designed to assure that qualified personnel properly gather and evaluate the

information submitted. Based on my inquiry of the person or persons who

manage the system, or those persons directly responsible for gathering the

information, the information submitted is to the best of my knowledge and
belief, true, accurate, and complete. I am aware that there are significant

penalties for submitting false information, including the possibility of fine

and imprisonment for knowing violations.

U. S. Department of Energy
Richland Operations
Owner and Operator

Date Signed

WP #9124A
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